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Specialised §>)03):it- ta ai ig y- Crary 


Electem die blocks are 
produced in the most up- 
to-date plant in Europe 
Furnaces are automatically 
controlled; the Heat 
Treatment bay is designed 
to ensure absolute 
accuracy and uniform 
hardness and every block 
is individually checked. 
Our technical experts 





are always ready to call 
and discuss any die block 
problem 


fi 


THE MODERN DIE BLOCKS 


WALTER SOMERS LIMITED HALES OWEN NEAR BIRMINGHAM 


meta! treatment 
and Drop Forging 
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USE- 
ROLLERS 


Rolling is now accepted as an 
excellent method, quick and 
cheap, of preparing material for 
drop forging, particularly in the 
case of long, thin, uses. Rolled 
uses cut out fullering, edging 
or forming and are clean, 
descaled and without flash. The 
material is accurately distri- 
buted, no operating skill is required, and time, FEATURES OF THE MASSEY USE-ROLLERS 
labour and material are saved. The machine is an pean 
portable, needing no permanent mounting or @® Quicker and more positive roller adjustment 
foundation and can therefore be placed just 
where it is wanted 





@ Control and operation by foot pedal or automatic 
trip as required 


‘ell proved dire —— . _— 
Masecy desiens include :— 2 x ell proved direct air operated friction-type 


lutch 
Steam and Compressed Air Hammers, Pneumatn 


Power Hammers, Friction Drop Hammers, Double- @ Automatic flood lubrication 
acting Steam and Compressed Air Drop Hammers, 


@ Central panel provides quick and easy control of 
Forging Presses, Trimming Presses, Tyre Fixin mo ~ 


tor, single or continuous action, and over-run 
Rolls adjustment 


B«S.AAMASSEY EP opensHaw - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 
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BARFIELD 
CARBONITRIDING 


... the best in every case 













CONSIDER THESE POINTS: 


@ Clean working conditions 


® Unskilled labour may be employed to 
carry out the process 


@ Post-cleaning operations reduced 


@ No storage space required for case hard- 
ening materials 


@® Simple system of atmosphere control 









CARBONITRIDING OF MILD STEEL 


i 


Shaker hearth furnace 








(En 32) 












@ Atmosphere employed is raw Town's 
Gas and Ammonia 


® No costly gas preparation plant required 





@ Batch or continuous equipment 






® Consistent repetitive results 












CASE DEPTH (©.00! ) 


| 


| TTIME - 







DEPTH CURVES 





* ELECTRIC 
/ D WIL?, 7 | 
. BArrieLD | 
N FURWACES // 


SS a 


FOR ALL HEAT-TREATMENT PURPOSES 


Rotary drum furnace 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS~ OTTERSPOOL WAY* WATFORD BY-PASS * WATFORD *- HERTS « Telephone: Watlord 26091 (6 lines) 
Ww S« 
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A junction chamber 


on an early 3-phase 
T “4 H SS distribution system ? 
The roof of 
is ea reheat furnace ? 
A new kind of 


resilient foundation 
for a press ? 


Number two is the right answer. It is part of the monolithic roof of a reheat furnace at the 
Margam works of the Steel Company of Wales, immediately before the refractory was placed. 
The special anchor bricks hanging from the R.S.J’s are secured by heat-resisting clips and will 
provide support through the full thickness of the refractory lining. 

This roof was cast in “TRI-MOR” High Temperature Castable. It is a good example of the 
type of furnace lining which “TRI-MOR” refractories and Morgan’s whole-hearted belief in 
monolithic structures have made possible. 


Some of the most useful of the “TRI-MOR” refractories are :— ::))\\\\\\\\\\\\\\\\\\\\\\1)))))111)\U)NUHIINIININUAUIIILIIIILIUUULILILUUIUIUIUIUUUUUUULUULE 


UTR LCLLLLLLLLLEL RGR 


TRI-MOR Standard Castable 

TRI-MOR High Strength Castable 

M @) RG A N TRI-MOR High Temperature Castable 
Pee = TRI-MOR High Temperature Mouldable 

TRI-MOR Dense ‘ Guncrete’ 

TRI-MOR Insulating Castable 

TRI-MOR Insulating ‘ Guncrete’ 





MORGAN REFRACTORIES LTD, = 


NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 TMM 
NE/I49/A 
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Do you really 
think I need 


bother about 


low 
residuals ? 


Some people do 

in carbon steels required for certain 
high duty applications. 

Residual elements in Workington Electric 
Arc Furnace Carbon Steel are as follows 


average maximum 


Nickel 01 02 
Chromium Ol 015 
Copper 03 04 
Arsenic ‘O15 02 
Tin “O15 02 
Vanadium 02 04 
Molybdenum below ‘01 

Lead below °O0} 

Cobalt 005 “008 
Antimony below -O1 

Tungsten below “O01 

Titanium below 01 





Aen a Gn acumen, OT 


TRON AND STEEL COMPANY — Workington - Cumberland 


w i 
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Back where they started... 


An everyday expression which has 
more than a suggestion of fruitless effort, 
of time and energy wasted. Yet in pro- 
duction layout the converse is often true : 
time and manpower can frequently be saved 
by intelligent use of circular flow. The 
rotary furnace is an ideal embodiment of 
the principle, since the work is heated 
throughout its travel, and charging and dis- 
charging points are side by side. 

And of course Incandescent rotaries 
have a further advantage, since they can be 
fitted with the Equiverse system of scale- 
free heating. The illustration on the right 
shows such a furnace with Equiverse firing, 
used for heating steel billets for extrusion 
at a rate of 10 tons an hour. Steering box 
components are being heat-treated in the 
two open-fired rotaries shown above. 





THE INCANDESCENT 





IIOP) AL Ae i 


SS i8asece ieseres 


PLL "UAiae aunt ‘Tin 
ee mae Lager" 
. ‘a = }--4..... 


‘ 
\ 
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LTD. SMETHWICK «© ENGLAND 
12/2C/59 
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DAO? AMMEN SOARS 





SIZES IN STOCK TO SUIT ALL HAMMERS 


H.BURBIDGE & SON LTD 


Repetition Wood Turners and Machinists 


BURNSALL ROAD~-CANLEY 


COVENTRY 
PHONE 72361-2 
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* 
36° TYPE 23RH 


EXTRACTOR FOR 
RECLAIMING CUTTING 
OILS AND COMPOUNDS 
FROM SWARF 








BROADBENT PLANNED SWARF DISPOSAL 


euts production costs 


by efficiently reclaiming cutting oils and compounds with BROADBENT 
CENTRIFUGAL OIL EXTRACTORS, and by leaving cleaner scrap 
which demands higher prices and reduces transport costs 


keeps factories cleaner 


by eliminating oil soaked floors and at the same time keeping swarf 
clear of both machines and operators 


* Write for publication $2/5110 





THOMASH 3 @Oy-U00 33 ami S 


CENTRAL IRONWORKS, HUDDERSFIELD Phone: 5520-5 Grams: “‘BROADBENT’’ Huddersfield 
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Wild-Barfield A.H.F. 
equipment is used by 
Bowden Engineering Ltd. 
for brazing hose unions. 
Many other industrial 
concerns have found that 
Wild-Barfield A.H.F. 
induction heating speeds 
production, saves space 
and offers savings all along 
the line. Our engineers will 
be glad to supply further 
details and explain how 
Wild-Barfield A.H.F. 


equipment can help you. 





WILD-BARFIELD A.H.F. 
equipment at 


BOWDEN ENGINEERING LTD. 


E ARE FLD a) Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. TELEPHONE: WATFORD 26091 (6 Lines) 
wes} 
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FORGE, GALVANIZING & HEAT TREATMENT 
FURNACES, DRYING OVENS, ETC. 





UP TO 20% FUEL SAVING. 
SMOKELESS COMBUSTION. 
NO UNCONTROLLED AIR. 
MODERN EFFICIENT DESIGN. 


SIMPLE CONTROL, 
AUTOMATIC OR MANUAL. 


COMPLETE INSTALLATIONS. 
TECHNICAL & ADVISORY SERVICES. 


Oil-fired Bolt or Pin Forge Furnace 


CLEAN ATMOSPHERE. 


IMPROVED OPERATING 
CONDITIONS. 


LOWER RUNNING COSTS. 
REDUCED MAINTENANCE. 


LESS WASTAGE, 
AND INCREASED OUTPUT 


Oil-fired Siot Type Forge Furnaces 


DAVID ETCHELLS & SON LTD 


FURNACE DIVISION 
DARLASTON S. STAFFORDSHIRE 


TELEPHONE: JAMESBRIDGE 2067 
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NEWALL BRANDED BOLTS 


Newall Hitensiie ... Newalloy... Newallastic ... Newall Hi-tem 


are recognised by engineers as having unique qualities. We 

shall be happy to supply any engineer designer who is interes- 

ted with details of the various bolts and studs, which cover the 
full range of modern requirements. 


AP NEWALL& COLD. ccisici. 
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with PEART 


INDUCTION 
HEATING 
| I 


* Reduced labour costs 














* Scale free heating— 
longer die life 





* Immediate start-up— 
shut down 


* Clean working conditions 


* Absolute control over the 
heat input to the work 





Peart applications engineers will be 
pleased to carry out tests on your 
materials, without obhgation. May we 


be of Service ? 





20Kw twin station automatic 


PEART 


INDUCTION HEATING 


billet heater 


€. PEART & CO. (ELECTRONICS) LTD., ONWARD WORKS, MANCHESTER ROAD, HYDE, CHESHIRE 
Tel: Hyde 3545 (4 lines) 
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Fast 
Darable 


Economical 


COATING — 


WITH 


VIA-VAC 


The Via-Vac type E2H 36 is specially designed for 

Steady Output and Uniform Production, with 

almost continuous operation. Loading, unloading 

and evacuation are practically simultaneous 
operations. 








VACUUM INDUSTRIAL APPLICATIONS 


LIMITED 
(DEPT. M.T.) WISHAW, LANARKSHIRE, SCOTLAND 


SERVICE To INDUSTRY Telegrams: “VIA-VAC” WISHAW Telephone: WISHAW 142 
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DROP FORGINGS 
for ADVANCED 
PROJECTS 


Gas Turbines, solid or liquid fuel rocket 
motors, or Gas Turbines with a Nuclear Heat 
Source 


Whatever the answer Firth-Derihon offer 
unique experience in the manufacture of high quality 
Drop Forgings. 





A l6émm Colour Film with sound com- 
mentary, entitled “ Drop Forgings in 
Alloy Steels,” is available on request 





eeeeEeEeEeEeEeEeEeEeEeEeEeEeEeEeee ——E 


FIRTH - DERIION 


SHEFFIELD & DARLEY DALE 


THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD 
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TREATMENT 


EFFICIENCY | 


martempering up to general treatment to L 


a =] 500°C 150°C dE . ie 


Y Publication R.18 Publication R.3. ——— = 


a EFCO ISOTHERMAL QUENCH EFCO BOX TYPE : 

BATHS : Bae 

oe FURNACES ‘1 ats 
Ss 


TOOL ROOM 


HIGH SPEED STEEL 


EFCO ELECTRIC 
FURNACE — TWIN CHAMBER 


SALT BATHS = 


> 
“Lt 
i} a Preheating up to 


1000°C. and harden- 
ing up to 1350°C 


ras ——- 

| without decarburis- 
i! ation 

‘ — 

Le 


Publication RF.1017 


EFCO-UPTON CONTINUING GRAPHITE 
ELECTRODE SALT BATH 
Pa ag oe oe Hardening high 
speed steels, alumin- 
ium brazing and all 
processes up to 
1300°C. with bath 
free from metallic 


oxides 
High Publication R.27 
}e) EFCO-LINDBERG CYCLONE 
(ae: OR ELECTRIC 
for fast and accurate 


tempering and gen- 
eral heat treatment 
up to 750°C. 


Publication R.17 





Cyanide hardening, 
carburising, neutral 
treatment to 1000°C. 
Publication R.! 


EFCO SALT BATH FURNACE 


MIDGET TYPE 


withinterchangeable 


from 600 to 1350°C 
for small outputs. 
Publication R.16 


EFCO SENTRY FURNACE 


Diamond Block 
method of atmo- 
sphere control for 
high speed steel har- 
dening up to 1350°C 
Vertical or horizon- 
tal. 

Publication R.6. 


EFCO FORCED AIR 
- CIRCULATION FURNACES EFCO VERTICAL MUFFLE 
A For tempering. TYPE FURNACES 
—j—__—— stress relieving, alu- 


minium alloy heat 


for heat treatment 


treatment and ail of long or slender 
. processes up to parts. 
Cc Spec. Sheet 1729. 


Publication R.2 














NETHERBY : QUEENS ROAD : WEYBRIDGE 


mar 2720/ a s088 


In this age of ever — 
increasing productivity, | 
quality control and 
necessity for reduction 
of costs, efficiency in | 
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Cold rolling 
comes into 
this picture 
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Whether it is aluminium foil measured 
in ‘ten-thousandths’, or stainless steel, 
or cartridge brass, or any other cold 
rolled product, there are sure to be 
Doncasters rolls doing a good job of 
work, giving precision, a good finish 


to the metal and long service in all 


cold rolling operations. 











DONCASTERS <> 
1778 DD 


HARDENED STEEL ROLLS 














Made in the widest range of sizes to suit the 
requirements of every branch of cold 


rolling, from the sma | rolls for precision 





metals to rolls weighing several tons each. 


Doncasters rolls for a good job! 


DANIEL DONCASTER & SONS LIMITED . SHEFFIELD 
FORGINGS - DROP FORGINGS - HARDENED STEEL ROLLS - HEAT TREATMENT 
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RESISTANCE 
FURNACES 


ANNEALING * DEGASSING 
BRAZING + SINTERING 


The experience of the National Research Corpora- 
} tion who have built more than 100 vacuum furnaces, 
now in successful operation, and the facilities in 
Britain of Wild-Barfield combine to offer unsur- 
passed vacuum resistance furnaces of the horizontal 
muffle, pit and bell types with diameters from 2 to 
54 inches 

Bright surfaces and reproducible results are 
assured by these furnaces, which can also be used 
to restore the desirable physical characteristics of 
hydrogen embrittled titanium and zirconium. 
Special equipment can be made for particular 


requirements 


OTHER VACUUM EQUIPMENTS 


® Induction and Arc furnaces 

® Hydrogen in Titanium analyser 
® Vacuum Fusion gas analyser 

® High Vacuum Diffusion Pumps 





This model has a uniform hot zone 36° dia x 36” high ° is the trademark of the National Research Corporation, 
and ultimate vacuum of less than 1 micron. wee registered in the United States Potent Office. 


uae FOR ALL HEAT-TREATMENT PURPOSES 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (6 lines) 
NRC3 
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Se 
Photograph by courtesy of Messrs. T. Firth & J. Brown Ltd., Sheffield 
Braus haw Town’s Gas Fired 
aysnd Bogie Hearth Furnace 


of the products recirculation type tempering Furnace 
installed at Messrs. T.‘ Firth & F. Brown Ltd., Sheffield 


. 





‘ vs ANNEALING 
The above illustration is one of many 
installations supplied to leading manufacturers. HARDENING 
Brayshaw Industrial Furnaces for all TEMPERING 
purposes including: «--«<<<<-- CARBURISING 
FORGING 
Ask... BRAYSHAW the specialists in TINNING 
design and construction of GALVANISING 
internationally famous Furnaces. MELTING 


by 
BRAYSHAW FURNACES LTD Gas - Oil - Electricity 
BELLE VUE WORKS MANCHESTER, !2 


Telephone: East 1046 (3 lines) Telegrams: Hardening Manchester 
London Office: 21 Liverpool Street, E.C.2 Telephone: Avenue 1617/6 

















ETHER TRANSITROL 
INDICATING 
TEMPERATURE-CONTROLLERS 


TYPE 990: 
TYPE 991: 
TYPE 992: 
TYPE 993: 
TYPE 994: 
TYPE 995: 


Two-position (on/off) Controller 
Anticipatory Controller 
Proportioning (stepless) Controller 
Three-position Controller 
Programme Controller 
Proportioning (plus reset) Controller 








LIMITED | 
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pEDDINCHAUS BILLET SHEAR 



























































IN 


** Peddinghaus "’— the well 
tried and proven Master 
Shear - for rapid production 
of Billets and Slabs. Fitted 


with adjustable length stop, 


HN 


! 
i 






Electro-pncumatic wedge 


hold-down and single or 






continuous stroke control 


Hi HUTT 


| 
| 




















il 



































sertaeel 

















ORIGINAL 
PEODINGHAUS | 











PAUL GRANBY & CO.LTD. 


39 VICTORIA STREET-WESTMINSTER-LONDON:S WI 


Telephone ABBEY 5338 Telegrams POWAFORGE SOWEST. LONDON Cables: POWAFORGE LONDON 
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From experience Gibbons “‘H.T 1" insulating refractory is the automatic choice 
of leading furnace manufacturers and users — its combination of low thermal 
conductivity with resistance to high temperatures has proved remarkably 
effective in minimising heat losses and raising furnace outputs. The Gibbons 


“H.T 1"’is developed from more than 20 years’ 


experience in the manufacture of insulating } j \j \ WW 
refractories and today an entirely new and | | y 
original manufacturing technique enables us , y 


to offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55/41 mew.126 





_ 
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The Thompson L'Hospied service embodies 
much more than the production of accurate and 
consistently fine heat-resisting castings. Through 
their close association with the furnace industry 
they have first-hand knowledge of its require- 
ments and unequalled facilities for testing under 
actual conditions. 


| 
| 
| 
| 
a 
| 





your ally! 


Added to these unique advantages is the 
specialised knowledge acquired during over 
twenty-five years in the trade. Thompson 
L'Hospied advice on alloys and design is widely 
sought and freely given to customers in every 
industry where heat or chemical treatment 
plays a part. 


gunteas % 


Thompson 


% 


L’Hospied 


“ 
© 
Si 


‘ 5 
“Sisrims © 


A Member of the Incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND. 








want 
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NQ OTHER METHOD OF INDUCTION HARDENING OFFERS SO MUCH! 


@ Distortion is a maximum of only 1 thou. per foot run 

@ Where grinding is carried out as a general operation, 
working time can be cut by up to 90% 

@ There is no scaling of the hardened surface 

* 


Because it allows single traverse working this new 
Delapena method makes hardening a production 
line process 


Uses only 30%, of the power required by other methods 
of induction hardening 


Working to a hardness of 30-40 thou., hardening can 
be carried out at the rate of up to 15° per minute 





D | INDUCTION 
Pe HEATING 
DELAPENA & SON LIMITED 

Manufacturers of Induction Heating and Precision Honing Equipment 


TEWKESBURY ROAD, CHELTENHAM, GLOUCESTER, ENGLAND 


Telephone: Cheltenham 563416 Telex 49354 Telegrams Oelepere Cheitenham 
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Save time 
and money 
with the NEW 


BED WAY 
INTENSIFIERS 











It will pay you to find 
out more about this 
amazing new process— — 
why not write to | 
Delapena NOW? 
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Your die block. 
Sir! 


Service to stamping shops isn’t quite as 





















easy as that, but Jessops are now giving 


rapid delivery of 


DTEM DIE BLOCK 


now available in weights up to three tons 











They can be supplied 


either annealed or heat-treated -  cither 
black or rough-machined on one or more 
faces - either with longitudinal or transverse 
grain flow 


in the following hardness grades :— 


HARDTEM A HARDTEM CC 
40!-429 BRINEL 331-352 BRINELL 
HAROTEM BB HAROTEM DD 
363-388 BRINELL 293.32!) BRINELI 

















JESSOP -SAVILLE 
















LIMITED 
M8008 
BRIGHTSIDE WORKS io SHEFFIELD ENGLAND 
A MEMBER OF ona THE B.S.A. GROUP 








ram 








REE aN ithe Ri Lm 
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Superfast cooling 
for cycle annealing 
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\ furnace-within-a-furnace makes this 
cycle annealer cne of the most versatile 


| 
‘ 
ereeeeere 
; 





heat treat units in the country. It anneals, eg : = i 
cycle anneals, and normalizes gear forgings 6 fecgaazanzsaszaats 233 3 4 
of different size, shape, and alloy at the net | Bachmann gs © ff 88ssasSss wangarnasatay 
rate of 1,250 Ibs. per hour, or better. ~ | Neel é 

Such exceptional versatility 1s achieved ee a 
by a superfast cooling zone. Really a full 6] Oo] 6 
convection furnace within a direct-fired ; “ht 
furnace, this zone is isolated by refractory - 
doors. It can be used or by-passed, $$$ ! 
depending on which of many cycles the lo @ wo Hh & S 
customer wants. As a result, the customer eee Oe» _-—ie 4 ‘4 
can heat treat as many as 13 different alloys Ks . | 
in this one furnace. ! oe 

Adding to the flexibility of the furnace is om # | 2 
a modular tray design. Each module is an . = a 
18 « 20-inch chrome alloy casting. Modules “6 al 
can be combined to hold anv size of work 
up to 800 pounds. They are also used to carry work outside the furnace. 


BRITISH FURNACES LTD. CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORP, TOLEDO, "SA 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are finding many applications, particularly for preparation of 
special shapes at site 








THERMAL MAXIMUM 
HOW TYPE OF 
REFRACTORINESS HARDENING TEMPERATURE ibs Cu. Fe 
SUPPLIED SETTING TEMPERATURE OF USE ‘ 





Stein Refractory 


Concret Dry 42 Hydra 0 12¢ 
Stein Super 
Refractory Concrete wy +1750 Hydrau! 1200 1600 160 
No. 16 
No. 17 Dry + 1750 Hydraulic 200 1700 160 
No. 8 Dry +1750 Hydraulic 1200 a00" TT 
a ey 17% Hydraul 1200 1500" 4 











Use our advisory service based on 70 years experience in the refractory field—at can improve 
your furnace efficiency. For further information write, phone or call 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


L: BANKNOCK 255 (4 LINES) 








6 0 HS Oo Te 


ee ee 





ee ee 
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oxi] AND G.W.B. 





Two sets of initials, both of which stand for reliability 
Millions of nuts, bolts, rivets and fasteners of all types 
leave the Darlaston (Staffs.) works of Guest, Keen & 
Nettlefolds (Midlands) Limited every week. Accurately 
made from the best quality materials, heat-treatment 
plays an important part in ensuring that they conform 
to the highest specifications 

Among the latest equipment installed by G.W.B 
Furnaces Limited are three completely continuous lines 
of Hardening and Tempering furnaces. Each line 
comprises: 30 cwts. Loading hopper-—-De-greaser 
Hardening furnace—-Continuous quench extractor 
Loading hopper—-De-greaser—-Tempering furnace 
Continuous quench extractor. The Tempering units 
can also be used independently as Hardening furnaces 
if required. Each furnace has an output of 5/6 cwts 


per hour, and the whole installation is served by two G.W RB. Hardening & Tempering Purnaces at Guest, Keen and Nettlefolds, Darlaston. 
men only, one to supervise the general operation and 

one fork truck driver who, among his other general If it’s a matter of how to fasten one thing to another, get in touch 
factory duties, loads the hoppers and conveys the full th GAN.” If it’s a question of electric heat-treatment or melting 
bins of heat-treated components to the Packing Dept equipment, consult G.W.B. 


Over 25 years’ experience in electric furnace design at your disposal. 


G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Telephone: Dudley 55455 (9 lines) 


Associated with Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd. GWB 217 
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i 
: - 
150 Brosius Manipulators now in use = 
° 
throughout the world carry out all 
the manipulation necessary during x* 
forging, saving manpower and time : 
The smallest Manipulator will PAS?) 


handle pieces up to 2,000 Ib. in 









weight. A wide range of designs are 
available the maximum being 
suitable for pieces up to 20,000 Ib 


in weight 


STREET - MIDDLESBROUGH a 


MESBURG - TORONTO - SYONEY “< CALCUTTA 


eff + er ‘ 
ee prey 


by 


. 











EE 





6S OEE = ET IO PTS LE ON 


metal treatment 


30 
and Drop Forging 


ili iil 





july-august, 1959 


Stainless Steel Strip 
Annealing Furnace 


The illustration shows a Furnace for 
continuous treatment of ferritic or 
austenitic steel strip. Installed at the 
Siocksbridge Works of Samuel Fox 


& Company Limited, Sheffield. 
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PRIEST FURNACES LIMITED  LONGLANDS - MIDDLESBROUGH 





We specialize in the design and 
construction of :- 


Open Hearth Furnaces 

Soaking Pits of all types 

Continuous Multi-zone Bloom and 
Slab Re-heating Furnaces 

Continuous Bogie type Ingot and 
Slab Heating Furnaces 

Furnaces for Aluminium Melting. 
Coil Annealing and Slab Re- 
heating 

Forge and Heat Treatment Furnaces 

Stress Relieving Furnaces 

Shipyard Plate and Bar Furnaces 

Modern Lime Burning Kilns 
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Crown Copyright. Reproduced by 


courtesy of Department of Engineer- 
f4 @) U G bd | emy-" EE in-Chief of the Fleet, Admiralty 


FIRE-RESISTANT HYDRAULIC FLUID 





Satisfies the most exacting demands and 
combines excellent hydraulic efficiency with 
high safety value. 
Itis:— §Non-corrosive 

Non-foaming 

Non-toxic 

Non-fuming 
The high film strength of Houghto-Safe 271 
provides the metal surfaces with greater pro- 
tection for longer periods—EXTRA SERVICE 
LIFE. 
Houghto-Safe 271 has been chosen by the 
Admiralty for the Retraction and Control 
System of B.S.4 Steam Catapults installed 
in Britain’s latest Aircraft Carrier H.M.S. 
“VICTORIOUS.” 


Houghto-Safe 271 is a product of 


Edgar 


< Co Lta 





aughan 


BIRMINGHAM 4, ENGLAND 


Works and depots 


Birmingham Manchester Liverpool 
Southall (Middx Bristol Glasgow 
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For accurate forgings with high production... 
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I 
se LAMBERTON 


HORIZONTAL FORGING and 
UPSETTING MACHINES 





Automatic feeder can be 
provided as special attachment. 


EUMUCO (ENGLAND) LTD 





26 FITZROY SQUARE, LONDON, W.1 Telephone: Euston 4651 
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Exteating Etods 
for 

EXig ih. 
Temperatures 


The high reputation of SILIT Heating Rods 

for Electric Furnaces is of many years’ standing. 

They are remarkable for their limited amount of “ageing”’ 

which is amply covered by a voltage reserve 

of only 40% for temperatures up to 1500°C. 

A salient feature of the SILIT Heating Rods is that butt joints 
between the glowing portion and the connecting ends are avoided. 
The thickened ends are formed by tightly fitting sleeves 

made of the same material as the rods. 


A wide range of Silit Rods of equal diameter throughout 
can also be supplied, diameters ranging from }"-1}". 
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— Siemens-Schuckert 
(Great Britain) 
Ltd 


Dept. S97 

FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDX. 

Tel: SLeworth 23/1 Grams : Siemensdyn - Brentford 
BIRMINGHAM : Tel. Midland 2082 . CARDIFF . GLASGOW : Tel. Central 2635 


MANCHESTER: Tel. Choriton 1467 - NEWCASTLE: Tel. Wallsend 6830! - SHEFFIELD: Tel. 61564 
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We very much regret that a separate publication for July METAL 
TREATMENT was prevented last month by the printing dispute. Work 
has now been resumed in the printing trade, so we are presenting a 
combined July-August issue, and hope that the September issue will 
appear as normal. Annual subscribers will, of course, have their 
subscriptions extended to cover the lost issue. 
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to the finest degree of engineering perfection 
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Specialised techniques developed over the last 150 years, combined 
with rigid testing and examination, ensure the highest possible standard 
of soundness demanded for these components 
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A national asset? 


EXT month, the S.B.A.C. annual flying display and exhibition will once again take 
N place at Farnborough, and its advent acts as a reminder of the close connection 

between developments in aircraft design and trends in general engineering tech- 
niques. In view of the present concern felt by the British aircraft industry in respect 
of its future, it may be as well to examine the relationship between aircraft design and 
metallurgical development, and attempt to foresee possible repercussions which might 
result from a curtailment of the activities of the aircraft industry in this country. 


That some, at least, consider there to be a serious outlook for the future of British 
aviation may be judged from the following remarks quoted by Mr. Peter G. Masefield, 
managing director, Bristol Aircraft Ltd.: “ Unless a clear and concise Government 
policy towards research, development and procurement of British transport aircraft is 
formed within a very short while, there will be no further major British transport 
aircraft beyond the generation now going through its labour pains.” 


Mr. Masefield was speaking at the conference on the theme ‘ The aircraft industry— 
a national asset,’ held in April this year at the University of Southampton and promoted 
by the Institution of Production Engineers. At the same conference, Mr. S. P. Woodley, 
M.B.E., director, Vickers-Armstrongs (Aircraft) Ltd., in his talk on the impact of the 
aircraft industry on other industries, gave many examples where problems of aircraft 
design may be claimed to have led to developments in the metal industries. 


The first examples cited by Mr. Woodley are naturally the ‘new’ metals and alloys. 
After mentioning that the use of aluminium in civil and engineering structures had been 
directly stimulated by the initial search for lighter and stronger aircraft structures, he 
goes on to say that the development of high-strength light alloy materials, and high- 
strength steels, was almost entirely due to metallurgical researches initiated by the 
industry. If titanium was ever applied commercially, or in the general engineering 
sphere, it would be entirely as the result of development in satisfaction of the aircraft 
industry. Mr. Woodley then goes on to deal in greater detail with recent developments 
in metal working which have resulted from research prompted by problems in aircraft 
construction. 


* It is in the development of machine tools and adaptation that the impact of the aircraft 
industry has been most marked. Until quite recently, the amount of machining neces- 
sary in the manufacture of airframes was comparatively small, but new design philosophies 
involving the integration of components has expanded the machining processes required 
until they now occupy a premier position in aircraft construction. 


‘At first, there were almost no machine tools available which could produce the required 
complicated sculptured components rapidly and economically. The only machines 
which could undertake the task to the accuracies required were expensive copy milling 
machines, but within a short time new machine tools, employing high-speed milling 
heads and copy-milling techniques, were devised to meet this relatively new and complex 
requirement. This in turn has culminated in the growth of a separate industry, providing 
machinery that has revolutionized the production of piece-parts in light alloy materials. 


“A new method of metal removal has recently been developed by the aircraft 
industry which will, without doubt, find many uses in other industries. It is now being 
investigated as a means of obtaining motor body panels with a weight relief by pocketing 
methods. This is the principle of machining by chemical erosion. The idea of metal 
removal by masking the material where it is not required to be removed, and then 
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immersing it in a chemical bath for a period of time dependent upon the depth of etch 
required, is so simple and economic of labour that it must have a wide future appeal 
in other industries. 


‘ In the manufacture of jet engine components new problems were posed, and specialized 
requirements arose in connection with the production of turbine and compressor blades 
and in the manufacture of flame tubes and turbine chambers; requirements that had to 
be met by the development and adaptation of existing types of machining tools or by 
invention. Arising from this need have come a large family of machine tools for the 
generation or straight machining of turbine blades to difficult aerodynamic forms to 
extremely close tolerantes. 


‘ The industry uses large numbers of sheet metal components which were at one time 
produced variously by press and hand methods, but the introduction of processes 
designed to increase output led to the development of the stretcher press, a type of 
forming that is now being used in industry, as an economical and ready means of 
manufacturing difficult double-curvature sheet metal components without the necessity 
for expensive double-acting press tools. The rubber die press, too, is a unique aircraft 
industry innovation, which has involved large-scale development and tooling methods 
specially devised for the process which now virtually eliminates post-dressing of com- 
ponent parts. Later improvements of the stretcher technique have developed the stretch 


wrap process, the Verson Wheelon and the hydro-form presses, all of them peculiar to 
the requirements of the aircraft industry, but which have revolutionized the production 
of sheet metal components to the ultimate advantage of other industries.’ 


When we consider Mr. Woodley’s claims, and remember that many aircraft companies 
in the U.K. are being forced to switch their activities to other specialized forms of pro- 
duction, we may feel that quite apart from the larger question of overseas commercial 
aircraft competition, the metallurgist has a very direct interest in the future of the 
British aircraft industry. 


Management training for steel industry 


The establishment this summer of the British Iron and Steel Federation Management 
College at Ashorne Hill, near Leamington Spa, is the culmination of several years’ 
experimental work by the Federation in organizing management courses, first on a 
regional and then on a national basis. 


The creation of the college, to continue and develop the work already done, underlines 
the industry’s recognition of the need for the highest possible quality of management. 
Enquiries recently made of the 40 companies which have sent 300 men from 70 works 
on the courses have strongly confirmed their value. 


The courses now running at Ashorne Hill were originally proposed in a report on 
education and training for management in the industry approved by the Federation 
Executive Committee. 


The courses are of two types. The first, intended primarily for larger companies, is of 
eight weeks’ duration, split into two halves separated by 10 weeks. The second, consisting 
of two weeks followed at a later date by two separate weeks, is designed particularly to 
meet the requirements of men from small companies or from small units in large groups 
or companies. 
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Hot working of alloy steels 


Part 1: experimental methods 


A. GUEUSSIER and R. CASTRO 


This investigation into the hot ductile behaviour of alloy steels of varying composi- 
tions under varying conditions was described by the authors at the 1957 autumn 
meeting of the Société Frangaise de Métallurgie, Paris, and published in French 
in ‘Revue de Métallurgie,’ 1958, 15, (11). The authors are both with Aciéries 
Electriques d’Ugine, Savoie, France, Mr. Castro being chief engineer, head of 


research 


IN THE HOT WORKING of alloy steels, there are a 
number of different forming tools at our practical 
disposal, of which the most important are the 
hammer, the forging press, the rolling mill and the 
wire-drawing press. Actually the reduction of the 
steel from ingot to. bar or sheet is often done in 
several heats, with differing tools from one heat to 
the next. But each tool works under specific condi- 
tions, which can be summarized as follows: 

1. Reduction in the one heat can be done either 
in several passes, as is customary with the drop 
hammer, the forging press, bar and wire rolling 
mills, etc., or in one single pass, as is the case with 
the wire-drawing press, the inclined tube mills and 
certain die-stamping operations. When several 
passes are used in reduction, the temperature of 
the metal falls throughout the whole process of 
working. 

2. Working is done with very different average 
speeds according to the kind of tools used. To 
give a comparative idea, let us say that the drop 
hammer can reduce the steel at a speed of the 
order of 50,000°%,/sec., the extrusion press at a 
speed of 5,000°,,/sec., the ordinary bar mill at a 
speed of 500°,,/sec., and a large forging press at a 
speed of 50°%,/sec. These figures vary according 
to the tools used and to the sizes of the work-pieces 
involved, and they are only given here to establish 
some order of magnitude. They do show, however, 
the variations in speeds of reduction realized in 
practice in the work shops. 

3. The strains set up in the steel can be very 
different; for example, in tube making, a push- 
bench mill works the metal chiefly in the longi- 
tudinal direction, whereas obliquely inclined mills, 





of the Mannesmann or Stiefel type, impose stresses 
on the rough work-pieces in the transverse direction. 

The essential problem before the operator is to 
fix for each type of alloy steel the operating condi- 
tions to be applied so as to ensure full hot working 
of the steel without cracking. This problem involves 
the fixing of exact conditions for the heating of the 
steel, the limits of temperature permissible in 
rolling, the ratio of reduction allowable in each 
heat, and the realization of the programme required. 
Settling these conditions industrially for the work- 
ing of any given alloy steel is a long and difficult 
matter and involves large quantities of metal, 
if it is carried out directly in the shop. It is advan- 
tageous to carry out preliminary investigations in 
the laboratory so as to fix the essential factors which 
will need to be checked during working. In order 
to solve this complex problem it is possible to 
have recourse to various experimental methods. 
Described below are the methods which have been 
used in this investigation, pointing out the advan- 
tages and disadvantages, and different examples are 
given of the results obtained. This investigation 
will show that the behaviour of hot steel depends 
largely on the conditions of working but also on its 
structure and composition as well as on steel- 
making conditions. It will thus be evident that the 
problems of working the steel can only be solved 
by co-operation with the metallurgist and the 
steelmaker. 


EXPERIMENTAL METHODS 
The first care of the worker of steel is to avoid 
cracks. Cracking corresponds to a local rupture of 
the steel, and it can be considered that there is 
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1 Diagram of bend forgeability testing machine 


more risk of this happening in proportion as the 
actual ductility of the steel is less. The experimental 
analysis of working conditions therefore essentially 
leads to the study of ductility, when hot, of the 
alloy steels as a function of methods of working on 
the one hand, and of the analysis and structure of 
the steel on the other.' The authors have, therefore, 
endeavoured to carry out tests for deforming alloy 
steels to breaking point in conditions comparable 
with those found in industrial practice, and so 
determine the corresponding ductility of the steel. 
In these tests they have principally sought to vary 
the temperature and the speed of deformation and 
subsequently the method of working, either con- 
tinuous or with several passes. 


Bend tests 


The bend test is one of the oldest tests suitable 
for evaluating the aptitude of a metal for hot 
working. It has for a long time consisted of bending 
through 180°, a flat test-piece heated to the 
required temperature and observing on the smallest 
radius of the bent portion whether cracks have 
appeared.” Such a test is, however, only a qualita- 
tive one. For the present investigation, the tech- 
nique described by Portevin, Prétet and de 
Lacombe has been used.' The test-piece has either 
been the usual Mesnager impact test-piece or a 
small notched bar, 6 10 30 mm. (} 2 
1 4 in.). The notch cut in the test-piece is only put 
in to localize cracks for easier observation. The test- 
piece is subjected to bending in a Kanthal coil 
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furnace, with direct radiation without muffle, 
which can be taken up to 1,300°C. The working 
part of the furnace is insulated from the outside 
air and a current of nitrogen or argon is swept 
through it. The lower V support, on which the 
test-piece is placed, as well as the knife-edge which 
causes bending, is kept in contact with the test- 
piece in the furnace during the whole of the test 
(fig. 1). The test is based on the observation of 
cracks corresponding to deformation to a given 
deflection. The furnace and its accessories are 
placed either on special hammers (fig. 2), which 
allows of working at a deformation speed of about 
20,000°,. 'sec., or on an Amsler tensile test machine, 
which can be worked at much slower speeds of 
deformation varying between | and 30°,/sec. In 
the first case, the movement of the knife-edge is 
governed by that of a 60 kg. (132 Ib.) weight falling 
free from a given height (fig. 2). In the second 
case, movement of the knife-edge is directly con- 
trolled by the adjustable head of the Amsler testing 
machine. In both cases movement of the knife- 
edge during the test is limited by a system of 
adjustable stops placed outside the furnace, which 
fixes the amount of deformation applied to the steel. 

The advantages of this method are: (a) Reduced 





2 Hot shock bend test machines 
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size of test-pieces, which is a help in obtaining 
them, particularly from steel as cast. (6) Ease of 
experimenting when working in an inert atmo- 
sphere, and also of studying the effect of different 
atmospheres on the test results. (c) Possibility of 
making large variations in speed of deformation. 
(d) Possibility of carrying out, easily, deformation 
by successive passes and heats. 

Quantitative results can be obtained from this 
bend test by determining for each test condition the 
critical deflection, f,, corresponding to the appear- 
ance of the first crack, but this method calls for a 
large number of test-pieces. Moreover, this test 
is only suitable for fairly fragile materials, defor- 
mation being limited to a maximum deflection 
governed by the geometrical conditions under 
which the test is carried out. 


Torsion tests 

Dr. A. Sauveur was the first to use this kind of 
test. Machines using this kind of deformation 
have been described by various authors** and 
fig. 3 shows the torsion test machine developed in 
the authors’ laboratories, based on various pub- 
lished ideas. The test-piece is heated in a furnace, 
without muffle, with direct radiation winding, 
which can get up to 1,300°C. It is held at its two 
ends in four-jaw chucks, cooled by air (fig. 4). 
The revolving end can be driven by an asyn- 
chronous motor with four-speed gearbox. The 
number of revolutions before fracture is registered 
by a revolution counter which is only connected to 
the driving shaft whilst the steel is being deformed. 
This connection is produced by the play of an 
electric clutch, of which the circuit is controlled by 
contact between a dog and its end stop. When the 
test-piece breaks, the dog resumes its vertical 
position under the influence of its own weight and 
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by moving away from the stop opens the circuit in 
the electro-magnet. 

The test-piece used consists of a calibrated 
portion, 8 mm. diameter (, in.) x 50 mm. (2 in.) 
long, turned in the centre of a forged bar, 12 mm. 
square (} in.) 330-350 mm. long (13-14 in.). 
The average superficial speed of deformation 
applied to the steel in this test can vary between 12 
and 100°;,/sec., according to the speed of rotation 
applied. Below the surface of the test-piece, 
deformation speed obviously varies with the 
distance of the given point from the axis. Deforma- 
tion speeds are, therefore, heterogeneous through 
the mass of the test-piece. 

The testing machine has been developed in 
such a way as to make it possible to carry out torsion 
tests with test-pieces of fixed lengths, or of free 
lengths, this depending on whether movement is 
allowed or not in a longitudinal direction to the 
chuck holding the non-rotating end of the test- 
piece, in the corresponding bearing (fig. 4). In the 
standard machines described in previous publica- 
tions, 1t would appear that the torsion test has 
always been carried out with fixed length test- 
pieces. 

Tests have shown that austenitic steels, of the 
18/8 type, when subjected to torsion tests with 
free length, give rise to a swelling in the steel, that 
is to say, the test-piece gets shorter and increases in 
diameter (fig. 5). The said swelling can be serious 
enough to force the calibrated portion on to a 
neighbouring section of the original square bar, 
thus causing a parasitic deformation of the latter. 
In tests of this kind, the steel is subjected to simple 
shearing stresses but fracture often occurs at the 
set-downs owing to the above-mentioned swelling, 
and this makes the results obtained of doubtful 
value. 

If the length of the test-piece is kept constant 





On the left is the semi-fixed 
jaw for holding test-piece and on right of the furnace 1s the 
movable jaw 


3 Hot-torsion test machine. 


4 Hot-torsion test machine showing the semi-fixed jaw and 
declutching dog 
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during the test, a normal fracture is obtained from 
the same steels, this being generally sited about the 
middle of the calibrated section and the results are 
quite reproducible. In this case, the stresses set up 
in the steel during deformation are complex and are 
the result of the composition of simple shearing 
stresses, as above mentioned, with a draw stress 
along the axis, which reflects the opposition of the 
mechanical fitting to the natural swelling tendency 
of the steel. 

But it has been found that certain types of steel, 
particularly stainless steels with 17°,, Cr, in tests 
with free length, give rise not to a shortening but to 
an elongation of the test-piece (fig. 6). In this case 
the test with fixed length leads to an axial compres- 
sion stress being opposed to the shearing stresses. 
The number of revolutions before fracture can then 
be notably higher in certain cases than with a free 
length, a phenomenon which is observed much less 
markedly with 18,8 steels. 

It thus appears that the torsion test, according to 


| 





6 RIGHT Hot-torsion tests on 

ferritic stainless steel 17%, Cr 5 
Steel B). Note elongation with a 
rising temperature ; 
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the intrinsic tendency of the metal to elongate or 
contract in a greater or less degree when it is free 
to do so, may lead, in a fixed length test, to variable 
and complex stress conditions, which may possibly 
upset the expected results. 

The obvious attraction of this method of testing 
largely lies in its simple quantitative character, the 
ductility of the metal being measured by the 
number of revolutions before fracture, this varying 
considerably according to the experimental condi- 
tions. This advantage certainly explains the 
interest which many steel formers have shown in it. 
In spite of this, the authors have not pursued the use 
of this experimental method very far, owing to the 
difficulties in principle mentioned above. 


Tensile tests 

Hot tensile tests have been less used than torsion 
tests in studying the forgeability of steel’: ’. * *. 
[he experimental arrangement used for hot tensile 
tests is shown in fig. 7. A testing machine using a 


5 Lert Hot-torsion tests on 188 
austenitic steel (Steel A). 

Note shortening and swelling 

of test-piece with rising 
temperatures. 4 and 5 have 
broken at set-downs 
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similar principle had already been put forward by 
R. Canard® in 1946. 

The test-piece is made with a calibrated portion 
8 mm. dia. x 5 mm. long (; in. dia. x 4 in. long), 
machined in the centre of a forged bar, 12 mm. 
square < 140 mm. long (4 in. square = 5} in. long). 
The test-piece is fixed in the machine heads by 
simple cotter-pins through two holes in each end 
of the square bar. Heating of the test-piece is 
obtained by Joule effect by means of a transformer 
supplying a current of high intensity and low 
voltage, which heats up the calibrated portion very 
quickly. In every case, intensity is regulated so as 
to ensure a rise to the required temperature in a 
constant time of 60 plus or minus 5 sec. Current is 
brought to the test-piece by two heavy pieces of 


7 RIGHT Hot-tensile test 
machine. In the foreground is 
control desk with optical 


Pyrometer 
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copper, of which the movable top portion ensures 
contact by being screwed on. These two copper 
pieces are cooled by circulated water (fig. 8 (a)). The 
movable end of the test-piece is attached to a sliding 
carriage, of which the movement is controlled by a 
special high resistance metal strip wrapped round a 
drum (fig. 8). Deformation can be done at two 
widely differing speeds, one relatively moderate 
(about 500°, /sec.), about the deformation rate of a 
rolling mill, and the other much higher (about 
40,000°,, ‘sec.), which can be compared to that of 
a drop hammer. 


In order to work at moderate speed, a dog clutch 
is used, at the moment the test-piece reaches the 
required temperature, to connect the movement of 
the draw-drum to the rotary axis of a speed reducer 









8 (a) Lerr Hot-tensile testing 
machine 
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8 (b) Hot-tensile test machine 


as seen from above 


driven by an asynchronous motor. For working at 
high speed, an 80 kg. weight is released in free drop 
at the right moment. This weight, when it has 
reached a speed of 3 m. (10 ft.)/sec., carries the 
draw carriage along with it, through a face-plate, 
a second metal strip and a drum. Control of the 
clutch or of the falling weight, synchronized with 
the break of the heating current, is carried out 
automatically by an interrupter worked from a 
control panel. The operator carries out this move- 
ment at the precise moment that the test-picce 
comes up to the desired temperature, reading this 
by means of an optical pyrometer. A preliminary 
check has enabled the optical temperature to be 
corrected to the true temperature of the steel. 
Experience shows indeed that, even when using 
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9 End view of broken hct-tensile test-pieces 
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thin thermocouple wire and well-made welds, the 
flow of heat through the thermocouple wires 1s 
likely to cool down the thermocouple weld and so 
lead to errors. Welding of the thermocouple wires 
to the test-piece is, moreover, a difficulty which 
slows down any rapid development of the apparatus, 
particularly if it is to be used for control purposes 
in industry. Fig. 9 shows the appearance of frac- 
tures observed on test-pieces broken at different 
temperatures. 

This test has the following advantages : (a) Simple 
and very strong apparatus; (6) simple definition of 
stresses applied; (c) ease of adaptation for use with 
Joule effect heating, which allows of a very rapid 
temperature rise and of avoiding excessive oxidation 
of the steel; (d) wide range of test temperatures 

from 800°C. to melting point of metal), see fig. 9; 
(e) great speed and simplicity in making test-pieces ; 
f) great speed of test (3 min. in all per test-piece); 
g) use of two very different speeds of test corre- 
sponding to the deformation speeds of the chief 
types of working tools; and (h) simple quantitative 
indication of the ductility of the steel by determining 
the contraction or striction of test-piece. 

It should be cemarked, on this subject, that 
experience with this test has shown that measure- 
ments of diameter after breaking were easier to 
carry out and more precise than those of elongation 
of fracture. Moreover, it has been found that the 
contraction /\¢, or the percentage reduction in 
diameter of the test-piece after fracture, proved in 
practice to be a more accurate indication of ductility 
in some cases than reduction in area, and this figure 
has been adopted for the whole of the investigations. 

An objection to this test should be mentioned, 

continued on page 263 
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High-conductivity copper castings 


Production of copper castings with the ighest attainable electrical conductivity has 


been achieved by suitable smelting methods. 


This translation of an article by 


E. Brunhuber in ‘ Radex Rundschau,’ 1958, (7), discusses two-stage melting for 
dehydrogenation and deoxidation, and the relation between electrical conductivity 


and admixture concentration 


THE PRODUCTION OF COPPER CASTINGS with a high 
degree of electrical conductivity is both a smelter’s 
and a foundryman’s problem. High electrical 
conductivity can only be attained with a high-purity 
melt. Technologically, this implies the use of 
chemically practically pure copper in the charge 
and suitable precautions against the introduction of 
any metallic contamination during the melting and 
casting processes. 

In practice, this is not such an easy problem. 
Electrolytic copper satisfies high-purity require- 
ments, as far as the charge is concerned, but always 
contains much hydrogen, which is the cause of 
excessive porosity in the resulting casting. The 
production of sound, electrically highly-conducting 
castings is, therefore, dependent on the adoption of 
a metallurgically-suitable melting routine, with the 
object of dehydrogenating a high-purity melt 
without introducing metallic contaminations. 


Removal of hydrogen 

Such dehydrogenation is most suitably effected 
by oxidizing the melt when the occluded hydrogen 
becomes replaced by oxygen. As a rule, it is 
sufficient for this purpose merely to run the melt 
with an oxidizing flame; the use of oxidizing fluxes 
would be equally correct but should not be necessary 
in the case of pure copper melts, providing an 
oxidizing flame can be maintained. Besides this, 
such fluxes may themselves contribute to con- 
tamination of the metal bath, if they should contain 
or form substances capable of going into solution 
in the molten metal. Since all oxidizing additions 
essentially consist of a fluxing medium and a 
metallic oxide, the composition and nature of such 
smelting aids should be particularly carefully 
watched. Even quartz sand, ordinarily used to 
increase the density of the slag blanket, may cause 
undesirable silicon enrichment of the casting metal 
with consequent loss of electrical conductivity. 

In practice, therefore, not only are oxidizing 
fluxes avoided but no deliberate attempt is made to 
maintain a slag blanket over the metal bath. This 


includes the use of the otherwise very usual charcoal, 
which is often supplied in an insufficiently car- 
bonized state, regarded from the standpoint of the 
smelter’s requirements. As a rule, charcoal 
liberates hydrocarbon fractions; and also steam, 
particularly since it often exhibits traces of humidity. 

The method of no-flux smelting in an oxidizing 
flame, dispensing with any kind of slag cover 
whatsoever, has, therefore, proved to be the most 
suitable. This, however, necessitates the use of 
reverberatory furnaces and the exclusion of sulphur- 
containing fuels such as coke or fuel oils, and 
particularly indicates the use of town gas or pro- 
ducer gas, as well as of desulphurized petroleum 
fuel oils. A very low sulphur content may in fact 
be harmless since the oxidizing melt also removed 
the sulphur by the formation of cuprous oxide by 
the equation: 

2Cu,0 + Cu,S = 6 Cu + SO, 

The increasing oxygen concentration, as already 
explained, displaces the hydrogen, but the oxygen 
remains in solution and must be removed. This 
so-called deoxidation is effected by the addition of 
an element having a higher affinity for oxygen than 
copper; the cuprous oxide Cu,O formed in the 
melt is reduced and the reaction product is the 
oxide of the deoxidation agent used, which must 
therefore be easily capable of slagging. 

In practice, phosphorus is usually employed for 
this purpose in the form of a 10—15°,, phosphor- 
copper alloy. To obtain a really highly-conductive 
copper casting, however, phosphorus must be 
avoided, since it has a deleterious effect on electrical 
conductivity. 


Deoxidation 

Complete deoxidation such as required to develop 
the optimum characteristics of the material in any 
case requires the addition of the deoxidizing agent 
in excess, so that the excess quantity now appears 
in solution in the copper as a fresh alloying con- 
stituent, and in this manner reduces the electrical 
conductivity. Since the hydrogen content of the 
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1 Influence of phosphorus on the electrical conductivity 
copper (after Pawlek and Reichel) 


cathode copper constituting the charge will always 
vary, there is no guarantee even when conducting 
the oxidizing melt under rigid control that any 
particular degree of oxidation can be repeatably 
maintained, hence there will be no reliable de- 
oxidation unless an excess of the deoxidizing agent 
is used. 

Hitherto it has been endeavoured to circumvent 
this difficulry by first thoroughly oxidizing the 
me}t not only by running an oxidizing flame but 
also by an additional air blast. After this, ‘ poling ’ 
is resorted to in the classical way until a residual 
oxygen content of 0:02 — 0-05°, is attained, 
which can be controlled by regular sampling of 
the melt, from the appearance of the sample fracture 
(percentage of contained cuprous oxide). Then 
removal of the small remaining oxygen percentage 
can be performed with only a slight excess of 
deoxidizing agents. This enables high conductivity 
values of over 50 Siemens to be obtained, but only 
at the expense of fairly wide and irregular scattering 
of the values; the industrially guaranteed acceptance 
values are consequently restricted to 50—53 
Siemens. 

Oxidized copper which has not been poled but 
only once deoxidized furnishes similar but usually 
even more widely scattering values. It is more 
suitable, consequently, to use a process embodying 
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two separate melting stages: a first melt run with 
a purely oxidizing flame, for expelling the hydrogen, 
followed by deoxidizing; and an oxidizing remelt 
for refining the contained deoxidizing agent.* 


Double melting technique 

It has been found in this regard that maximum 
conductivity values can be far more reliably obtained 
if admixtures to the melt are removed by oxidizing 
than if, conversely, the quantity of the deoxidizing 
agents is adjusted to obtain practically 100°, 
oxygen elimination. The former process enables 
the increasing purity of the melt during oxidizing 
refining to be easily controlled by conductivity 
measurements on successive samples, while the 
opposite technique only enables purely visual control 


of the residual Cu,O content with fairly wide 
scattering of the results. 
In this way an already melted and deoxidized 
copper is used as the charge for the second melting; 
roduce is, however, more or less equivalent to 
so-called wirebar copper, so that it is found useful 


in making high-conductivity copper castings to 
start directly with deoxidized and phosphorus-free 
v ars. Here again an oxidizing melt is run 
ind serial conductivity tests used to control the 
gressive refining of the metal. After a con- 
ctivity value of 58—58-5 Siemens has been 
ittained, the metal is cast without deoxidizing 
reatment. If the wirebars used for the charge 
tain oxygen, 1.e. have not been deoxidized, the 
charge must be deoxidized as soon as it begins to 
flow freely and an oxidizing melt then run, as 
described earlier. 
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Deoxidants and resistivity 


There remains therefore only the question of the 
selection of suitable deoxidizing agents, if non- 
deoxidized wirebars are to be used, or the first 
melt run with electrolytic copper as the starting 
material. The substances chiefly suitable for this 
purpose are the metals zinc, cadmium, calcium (in 
the form of calcium boride), magnesium, lithium and 
beryllium. Frequently, several of these metals are 
used together: the so-called duplex methods with 
magnesium and zinc, zinc and beryllium, calcium 
boride and lithium; or even triplex methods, 
e.g. zinc-beryllium-lithium, or other combinations. 

Finally, general reference should be made to the 
conductivity behaviour of copper in the presence of 
admixtures. The maximum possible conductivity 
value for chemically pure copper (99-999°,, Cu) 
is, according to latest researches,’ 59-5+0-15 
Siemens, referred to a room temperature of 20°C., 
corresponding to a specific resistance of 1-681 

+-0-004 ohm-cm. This has enabled a very impor- 

tant law to be discovered, viz. the linear relation- 
ship between specific resistance and concentration 
of admixtures. It applies, however, only on the 
condition that the particular alloying constituent is 
completely soluble, i.e. capable of forming mixed 
crystals with the copper. If this condition is not 
fulfilled, heterogeneous mixtures are produced and 
the straight-line resistance curve begins to deviate 
unsteadily. 

Since in practical working, furthermore, there 
are as a rule not one but several such admixed 
constituents present simultaneously, the increases 
in resistance due to each of these in the range of 
concentrations of homogeneous, mixed-crystal for- 
mation are additive in effect. In engineering 
practice, specific resistance is often replaced by 
the reciprocal electrical conductivity values as 
a criterion. The hundredfold reciprocal value of 
the specific resistance is the Siemens unit of 
electrical conductivity. The conductivity curves 
of fig. 3, plotted against the admixture concen- 
tration, are thus in the range of homogeneous mixed 
crystal formation hyperbolic. Fig. 3 reproduces 
the results obtained by F. Pawlek and K. Reichel! 
supplemented by curves for the elements calcium, 
magnesium and titanium, obtained by the present 
author. 

English-speaking countries use a different scale 
of representation, the so-called IACS (International 
Annealed Copper Standard) scale, the conversion 
factor being 100°, IACS 58 Siemens—at the 
time considered the highest attainable conductivity 
value for copper. On the basis of the research 
findings of Pawlek and Reichel, however, the 

optimum conductivity appears to be 59-5 Siemens 
102-6°,, IACS. 

The so-called ‘search coil’ instruments*. * are 
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3 Influence of the more important alloying constituents on 
electrical conductivity of copper at 20°C. 


excellently suited for electrical conductivity 
measurements providing non-destructive, direct 
readings based on magnetic induction from any 
part of the surface of a casting. 


References 


(1) F. Pawiek and K. Reichel, Z. Metaillk., 1956, 47, 347-356 

(2) F. Pawiek, K. Viessmann and H. Wendt, Jbid., 1956, 47, 357-363. 
(3) PF. Foerster and H. Breitfeld, Jbid., 1952, 43, 172-180 

4) G. Bunge, Jbid., 1954, 45, 204-206 


Hot working of alloy steels 
concluded from page 260 


namely, that it does not lend itself to the study of 
practical processes of working, deformation in 
several passes being practically impossible with the 
type of machine adopted. Finally, it will be noted 
that this apparatus allows of the maximum resis- 
tance to deformation being determined, by a simple 
fitment, for each test-piece during each hot tensile 
test. To make this reading, the fixed end of the 
test-piece is connected, by means of two sliding 
rods, to a cross-member carrying a hard steel cone 
(figs. 8 (a) and 8(b)). This comes into contact with 
a mild steel annealed disc and, during the tensile 
testing, makes an indentation of which the diameter 
depends upon the maximuza stress imposed on the 
steel. 
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Application of electron microscopy 


Precipitation of carbides and nitrides in a 12%-Cr low-carbon steel 


during tempering 


JAROSLAV KOUTSKY and JAROSLAV JEZEK 


Experiments to provide data on the course of carbide reactions in a low-carbon 12 °%,- 
Cr steel during the breakdown of martensite and data on the breakdown of 8-ferrite 


during tempering are described. 


This article, translated from ‘Hutnické Listy,’ 


1958, 13, (12), is the fifth of a series illustrating the role of the electron microscope 
in various metallurgical investigations 


IN THE THERMALLY HARDENED STATE the micro- 
structure of steel AK 1 (CSN 17,021: C 0-15%, 
max., Cr 11-5-14-5°,) consists of martensite, or 
martensite and 4-ferrite, if the carbon content is 
very low and the chromium content is close to the 
upper limit.’~* 

By tempering these steels at 315-425°C. the 
martensite is more readily grain refined as a result 
of the already marked manifestation of carbide 
precipitation.® As the temperature is increased, the 
tempered martensite visibly undergoes transforma- 
tion into a sorbitic structure, the carbide particles 
become coarser, and the distances between them 
increase. If 4-ferrite is present in the tempered 
steel, when observed under an optical microscope 
at up to 650°C., the ferritic grain remains unchanged 
save for the precipitation of carbide particles along 
the grain boundaries. By tempering at 750°C. the 
precipitate makes its appearance over the whole of 
the 4-grain, with the exception of narrow fringes 
surrounding the grain boundaries.’.* At even 
higher temperatures (close to the Ac, point) the 
precipitate within the ferritic grains is coarser, and 
its quantity is reduced. The precipitate within the 
8-ferrite grains is for the most part likewise con- 
sidered to be a carbide phase.*: *. 7 Only Rickett® 
asserts that this fact has not so far been clearly 
proved. 

In the range of quenching temperatures, accord- 
ing to the Fe-Cr-C equilibrium diagram (Cr, Fe) 
eC, is a stable carbide in the steels we investigated. 


The formation of this special carbide is dependent 
on the diffusion energy of the alloying element 
under the thermochemical conditions. 

According to Kurdyumov® the breakdown of 
martensite during the tempering of carbon steels 
may be divided into two stages; in the first, which 
takes place gradually at normal temperatures, but 
even quite rapidly at 100-150°C., and which is 
designated as a di-phase or heterogeneous break- 
down, there is formed a structure of tempered 
martensite composed of the alpha solid solution 
with the initial concentration of carbon and on the 
other hand of fine cementite particles, in the 
vicinity of which the solid solution is impoverished 
in carbon. Starting from temperatures of 150°C. 
and above the second stage in the breakdown of 
martensite occurs, in which the dominant part is 
played by carbon diffusion. The carbide particles 
grow, while the concentration of carbon in the solid 
solution is reduced from this point onwards; 
simultaneously coagulation of the carbide particles 
takes place. 

The alloying elements have an influence on the 
carbon diffusion, and therefore affect the level of 
the temperature interval of the second stage in the 
breakdown of martensite. Additions of chromium, 
cobalt, tungsten and molybdenum raise this tem- 
perature level to 350-450°C. In the first stage of 
the breakdown of martensite in alloy steels, in view 
of the lack of diffusion energy of the alloying 
elements at these lower temperatures, cementite is 
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precipitated with a content of the alloying element 
corresponding to its concentration in the solid 
solution. With the development of the second stage 
in the breakdown of the martensite suitable condi- 
tions arise for the formation of special carbides. 

Kuo® carried out an X-ray analysis of carbides 
which were electro-chemically isolated from heat- 
treated specimens of (0-30°,, C, 12+2%, Cr) steel— 
heated at 1,100°C. for 30 min. and quenched in 
water and tempered at selected temperatures for 
1 h. and cooled in air. He established the presence 
of these carbides: up to 500°C., Fe,C; 525-625°C., 
Cr,C,; 650-670°C., Cr,C, + Cr,,C,; above 700°C. 
Cr,,C,. These results obtained by Kuo, and like- 
wise the results of a quantitative analysis of a 
substance isolated by the author‘ in AK | steel, and 
the course of the curves of static mechanical 
properties (changes in hardness and tensile strength) 
in relation to the tempering temperature confirm 
the validity of the facts stated above in relation 
also to 12°{, chromium steel with a low carbon 
content. 

During an investigation of the isothermal break- 
down of martensite in steel with a high carbon 
content in the zones in which the existence of the 
carbide (Cr, Fe),,C, is both thermochemically and 
kinetically possible, Lashko and Nesterov'® dis- 
covered the so-called gamma phase in the first 
stages of the breakdown; this is a metastable phase 
with an austenitic lattice and a high carbon content. 
Kuo on the other hand maintains that over the 
whole range of tempering temperatures, in which 
diffusion of chromium may occur, in high-chromium 
steels only one course is possible for the carbide 
reactions on the lines: Fe,C -» (Cr, Fe),C, — (Cr, 
Fe),,C,. The y-phase is considered to be residual 
austentite, which was not dissolved during electro- 
lytic isolation. 

The mechanism of the formation of special 
chromium carbides is presented by Balluffi and 
others" and by Lashko and Nesterov as follows: 
cementite having reached the equilibrium concen- 
tration with the surrounding solid solution, is 
precipitated in the latter, and the carbide (Cr, 
Fe),C, is formed from free nuclei in the solid 
solution. In view of the fact that cementite can be 
enriched with chromium up to about 18°, it is not 
likely that (Cr, Fe),C, would be formed directly 
from the impoverished solid solution. Kuo 
assumed that the Fe,C > Cr,C, transformation 
takes place directly from the reaction between 
Fe,C and the surrounding solid solution. Wever 
and Koch,” by a detailed study of an isolate from 
steel with a chemical composition of 0-4°, C and 
3-5°,, Cr by means of an electron microscope, 
showed that during the isothermal breakdown of 
austenite the carbide (Cr, Fe),C, is formed directly 
from the cementite lamellae. 
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This work therefore confirms the opinion of Kuo. 
He investigated"* by means of an electron micro- 
scope the formation of Cr,C, in medium-alloy 
chromium steels which were tempered at various 
temperatures. He discovered that the carbide 
(Cr, Fe),C, has a dendritic structure which is 
fundamentally different from the large cementite 
formations, but the conclusion which follows from 
the photographs which he presents concerning the 
direct Fe,C - (Cr, Fe),C, transformation is not as 
unambiguous, as that in the work of Wever and 
Koch. 

Heiskanen™ used an electron microscope to 
investigate carbide isolates of steel containing 
0- 18°, C and 12-7°%, Cr, which were formed during 
long-term tempering at 500-550°C. after quenching 
in oil from 1,025°C. (holding time 2 h.). The elec- 
tron micro-photographs provide objective docu- 
mentation of the growth in precipitation as a 
function of time and temperature, but the quantita- 
tive differences in the carbide phases are not too 
clearly apparent on them. The results of the X-ray 
analysis confirm the sequence of the carbide reac- 
tions which take place during the formation of the 
stable carbide in tempered high-carbon steel, as 
propounded by Kuo. During the course of temper- 
ing secondary hardening is not revealed, which is 
evidence of the direct formation of the chromium 
carbide from cementite. 

We have carried out the following experimental 
programme with the aim of providing authentic 
data on the course of the carbide reactions in AK 1 
steels, which occur during the breakdown of mar- 
tensite, and also of obtaining more detailed in- 
formation concerning the change in, and breakdown 
of, 3-ferrite during tempering. 


Experimental materials and methods 

As material for the experiments we made use on 
the one hand of specimens of mechanically worked 
steels from current production melts of the following 
percentage compositions: 


C Mano Si P S Cr Ni N 
Melt A 0-15 0-36 0-21 0-022 0-013 13-40 0-14 0-026 
Melt B 0-13 0-27 0°18 0-021 0-013 13-20 0-19 0-024 


and on the other hand of specimens from a 5-cm. 
thick plate, which was sand cast; its chemical 
composition (°/,) was: 0-09 C, 0-50 Mn, 0-64 Si, 
0-017 P, 0-030 S, 13-30 Cr, 0-40 Ni and 0-023 N. 
After thermal hardening at 1,000°C. for 2 h. and 
quenching in oil, the structure of steel A is formed 
exclusively of martensite, that of steel B of marten- 
site with a small amount of 4-ferrite, and that of 
steel C of martensite with up to 20°, 4-ferrite. 
Specimens of all the melts were tempered by 
holding at a temperature of 750°C. for 2 h. and 
cooling in air; in addition specimens from melt A 
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were heat-treated for long periods (up to 1,000 h. 
at temperatures of 450 and 550°C. Changes in the 
microstructure of the specimens which were tem- 
pered by short heating periods were examined with 
the optical and the electron microscope. For the 
study of the microstructure with the electron 
microscope extraction replicas were drawn from the 
specimens. In some instances the very fine particles 
which were captured in the extraction replica were 
subjected to electronographic analysis; if the 
precipitate was coarse, the particles in the extraction 
replica were subjected to X-ray analysis.» On the 
specimens which were subjected to long-term heat 
treatment studies were also made of the changes in 
hardness as a function of the time of heat treatment, 
and of the qualitative composition of the isolate. 
The precipitate was separated from the solid solution 
by chemical isolation in a 10°,, solution of bromine 
in methylalcohol. (This method was tried out by 
Cihal*' during the isolation of carbides in 188 
austenitic steel.) 


Results of the experiments 

The data which were obtained from the study of 
the specimens with the optical microscope, agre 
with the results which have already been publish 
elsewhere concerning these steels, and which 
have described in the introduction; we shall the 
fore make no mention of them in greater detail. 

In specimens of steel A, after tempering at 450 ‘ 
for up to 200 h., the carbide phase consists 
cementite (fig. 1). After a period of 200-300 h. 
lines of the carbide (Cr, Fe),C, appear on the X 
diagram. Within these limits of the heating px 
there is also a marked drop in hardness. 
heat treatment for 1,000 h., by the X-ray diag: m 
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1 Changes in hardness and structure of the carbide phase 
during long-term tempering of Steel A at temperatures of 
450—550°C. 
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Extraction replicas 


2 top Steel A, 1,000°C. oil—450°C./30 min. ‘air 
3 MIDDLE Steel A, 1,000°C./oil to 450°C. /100 h. air 


4 BOTTOM Steel A, 1,000°C. ot] —450°C./100 h. air 
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Extraction replicas 10,000 


8 top Steel A, 1,000°C./oil—550°C. 16 h. air 
9 Steel A, 1,000°C. ‘otl—550°C./1,000 A. ‘air 


Isolates 10,000 


5 top Steel A, 1,000°C. oil—550°C. 30 min./air 


6 Steel A, 1,000°C./oil to 550°C.) 1,000 h./ air 





7 Steel A, 1,000°C./oil—550°C./1,000 h./air 10 X-ray diffraction of fig. 8 
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Extraction replicas 


11 top Steel A, 1,000 °C. oil—550°C 
12 Steel A, 1,000°C. oil—750°C. 2 h. 


13 Steel A, 1,000°C. oil—650°C. 2 h. 


20 A. air 


air 


air 


10,000 
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Extraction replicas 


14 top Steel B, 1,000 C. oil—650 


C. 
15 Steel B, 1,000°C. o1/—750°C. 2 h. air 





20 A. air 


Picric acid etch 


Steel C, 1,000°C. o1i—750°C. 2 h. air 
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10,009 


Extraction replica 


17 Steel C, 1,000°C. ot/—750°C. 2 h. air 


we can detect the presence of the carbide (Cr, Fe),C,, 
and also of what is possibly a small quantity of the 
carbide (Cr, Fe),,C,. After the shorter and the 
longer periods of heat treatment, the carbide par- 
ticles have for the most part the formation of im- 
perfect, stellate particles or short dendrites with 
small side shoots, such as we see in figs. 2 to 4, which 
present photographs of extraction replicas of 
specimens after 30 min., 100 and 1,000 h. heat 
treatment at 450°C. 

At a temperature of 550°C., in the initial stages 
of the breakdown of martensite, cementite is also 
present in the isolate, which as the time of heating is 
increased is transformed into (Cr, Fe),C,; and at 
an even later stage this last becomes (Cr, Fe) ,C,. 
After heat treatment for longer than 100 h. it is, 
moreover, possible to identify the lines of the 
carbide (Cr, Fe),,C, on the X-ray diagram (fig. 1). 
The hardness, having fallen appreciably in the first 
stage of the heat treatment, in contrast only falls 
quite gradually after longer periods. 

On this occasion we also examined the mor- 
phologies of precipitates in a chemically isolated 
fraction which was dispersed in benzene and applied 
to a collodion blank. From figs. 5 and 6 we can 
establish only that there is coarsening of the pre- 
cipitate, as the duration of the heat treatment is 


18 X-ray diagram of fig. 17 


increased; we cannot distinguish any qualitative 
differences in the appearance of the precipitate. 
After 1,000 h. heat treatment, in one instance we 
established in an isolated deposit the presence of 
acicular particles which were markedly different 
from the basic carbide precipitate (fig. 7). On the 
X-ray diagram of the isolate of this specimen, apart 
from the lines of the carbide (Cr, Fe),,C,, there are 
also visible very strong lines of the nitride Cr,N 
(Table I). 


TABLE I Results of the X-ray analysis of the isolate 
shown in figs. 6 and 7 








Measured Tabulated distances 
distances Intensity Cry,Cy Cr,.N 
A A 
3-32 Very weak 
3-19 Very weak 
2-65 Very weak 
2°54 Very very weak 
2:38 Strong 2-38 2-38 
2°17 Weak 2°17 
2-11 Weak 2-10 
2-07 Very weak 
2-04 Very strong 2-044 
1-83 Strong 1-88 
1-80 Strong 1-80 
1-78 Medium 1-77 
1-69 Weak 1:68 
1-62 Weak 1-62 1-63 
1-61 Medium 1-60 
1-49 Very weak 1-49 
1-39 Very weak 1-38 
1-33 Medium 1-33 
1-29 Medium 1-29 
1-26 Strong 1-25 1-26 
1-23 Strong 1-23 
1-19 Medium strong 1-19 
1-18 Medium 1-17 





From a study of the extraction replicas of these 
specimens it follows that this acicular precipitate 
makes its appearance in a very fine form and in an 
appreciable quantity, even after short periods of heat 
treatment (fig. 8). From this extraction replica a 
diffraction diagram (fig. 10) was obtained, on which 
were identified the lines shown in Table II. Apart 
from the diffraction lines of the carbide (Cr, 
Fe),,C,, the lines of the nitride Cr,N are also to be 
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Taste II Evaluation of the diffraction diagram of the 
extraction replica shown tn fig. 8 


Tabulated distances 








Measured distances Cr,,C, Cr,N 
A 

2:38 2:38 2-38 
2°16 2-17 
2-10 2-10 
2-04 2-044 
1-88 1-88 
1-80 1-80 
1-68 1-68 
1-62 1-62 1-63 
1-60 1-60 
1:48 1:48 
1-40 
1-38 1-38 
1-29 1-29 
1°25 1-25 1-26 
1-21 1-23 





seen. As the duration of the heat treatment is in- 
creased, this acicular precipitate grows. As may be 
seen from figures 8 and 9, the acicular particles are 
precipitated predominately within the acicular 
crystals of residual martensite, whereas the carbides 
are precipitated predominately around their peri- 
phery. At higher tempering temperatures, just like 
the carbide particles, whose forms become simpli- 
fied so far as their ordering is concerned, so likewise 
the acicular particles are to be found in certain 
locations in a coarse form (figs. 11 and 12). 

In the specimens of steel B, in whose micro- 
structure 4-ferrite is to be found, by means of the 
electron microscope it was possible to establish the 
precipitation of these acicular crystals within the 
ferritic grains after as little as 2 h. heat treatment at 
650°C. (fig. 13). Within the grains of 4-ferrite very 
fine and long needles are formed, from the orienta- 
tion of which it is apparent that they were pre- 
cipitated along the crystallographic valleys of the 
ferrite. If we prolong the time of heat treatment or 
increase its temperature (figs. 14 and 15), the particles 
increase in size. Their structure and the trans- 
formations through which they pass as a result of 
various methods of heat treatment are analogous 
to the formation and changes of the acicular crystals 
of sorbite. In view of the small number of islands 
of 4-ferrite in the structure of this steel, it is im- 
possible to identify the precipitate with reliability 
since it makes its appearance within the ferrite 
grains. 

In fig. 16 is shown the microstructure of a 
specimen of steel C after hardening and tempering: 
it was held at 1,000°C. for 2 h. and quenched in oil 
and held at 750°C. for 2 h. and cooled in air. Apart 
from sorbite there is in the structure up to 20°, 
8-ferrite, in which a very coarse precipitate is 
already visible after this short period of heat treat- 
ment. From this specimen we took an extraction 
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replica (in this instance it is shadowed with carbon), 
and in the 4-ferrite there became visible acicular 
particles which were already strongly developed 
and had the same morphology and size as the 
particles in the specimens of steel which had been 
mechanically worked, but was heat treated in the 
same manner (fig. 17). The greater quantities of 
8-ferrite and the coarser precipitate inside the fer- 
ritic grains afforded a real opportunity to identify 
this precipitate by X-ray analysis. The X-ray 
diagram produced from this extraction replica (fig. 
18) indisputably shows the presence of the nitride 
Cr,N as well as the carbide (Cr, Fe),,C, (Table III). 


TasBie III Evaluation of the X-ray diagram (fig. 18) of 
the extraction replica of the specimen shown in fig. 17 





Tabulated distances 





Measured distances Cr,,C, Cr,N 
A A 
2-38 2:38 2-38 
2:23 2-22 

2:17 2°17 

2-12 2-10 
2-04 2-044 

1-88 1-88 

1-80 1-80 

1-77 1-77 

1-68 1-68 

1-62 1-62 

1-60 1-60 

1-49 1-49 

1-48 1-48 

1-39 1-38 
1:33 1-33 

1-29 1-29 

1-265 1-26 
1-25 1-25 

1-23 1-23 

1-19 1-19 

l 1 


17 





Discussion of the results 


The results of our experiments confirm the course 
of the carbide reactions during the breakdown of 
martensite in 12°., chromium steel as outlined by 
Kuo: Fe,C > (Cr, Fe),C, > (Cr, Fe)eC,. The 
absence of anomalies on the hardness curves is 
evidence of the fact that the most stable of these 
carbides is not formed from independent nuclei by 
precipitation from the solid solution, but by the 
reaction of the less stable carbide with the sur- 
rounding solid solution. The carbides are pre- 
cipitated predominately around the periphery of 
the original martensitic acicular crystals. Their 
extremely well-ordered initial form, which becomes 
simpler with the passage of time and with a high 
heat-treatment temperature, likewise indicates in- 
directly the mechanism of direct transformations 
during the carbide reactions. In a similar way to 
Heiskanen," during these studies we also did not 
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establish whether the various crystallographic 
structures of the individual types of carbides like- 
wise correspond to a specific internal structure, and 
moreover a study of the morphology of the carbides 
alone cannot give any idea, which form of the car- 
bides is present at a particular stage of the break- 
down of martensite. 

The acicular phase is precipitated in the sorbite 
within the acicular crystals of residual martensite 
along the cleavage planes of the ferrite. As the 
temperature and duration of tempering increase, 
the acicular crystals grow. The precipitate which 
makes its appearance within the 4-ferrite grains has 
the same nature. With the growth in the tempera- 
ture and duration of tempering, it passes through 
the same transformations as the acicular precipitate 
in the sorbite. On the boundaries of the ferritic 
grains, where the carbides are precipitated, this 
precipitate does not appear. Electron diffraction of 
an extraction replica taken from a specimen with a 
sorbitic structure containing a large quantity of fine 
acicular crystals, and X-ray analysis of an extraction 
replica of the structure with a very large quantity of 
-ferrite and markedly developed acicular crystals, 
showed that the acicular phase, which makes its 
appearance in sorbite and 4-ferrite, has the same 
crystallographic structure, and that this phase is 
the nitride Cr,N. (In this nitride there may be 
partial substitution of the chromium atoms by an 
iron atom, and its formula may be written as 
(Cr, Fe),N.) The morphology of this precipitate 
and the way in which it is precipitated is, therefore, 
governed by its crystallographic structure. 

In order that we might determine the thermo- 
chemical conditions governing the precipitation of 
nitrides in 12-13°,, Cr steel in relation to their 
content of nitrogen, we carried out the following 
analysis. The free enthalpy of the reaction of the 
diffusion of nitrogen in alpha iron in accordance with 
the equation: Fe(,) + N, = 2 (N), on the assump- 
tion that 0-01°%, nitrogen was diffused into the 
alpha iron is given by the equation.!? 

\ Gr = 9,760 — 2-3T cal, 
where T is the absolute temperature in “K. 

This equation we may establish for various 
concentrations of nitrogen, on the assumption that 
we know the equation for the partial free enthalpy, 
and so construct the graph of the rectilinear rela- 
tionship between the chemical potential of the 
nitrogen in the solid solution of alfa iron and tem- 
perature at various concentrations of nitrogen. 

The formation of chromium nitride (Cr,N), 
which is stable at high temperatures, takes place in 
accordance with the equation: 4 Cr+ N, = 2 
(Cr,N) (this nitride is not stechiometric). The free 
enthalpy of this reaction is then similarly: 


A Gr = — 44,000 + 24-0 T cal. 
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19 Changes in chemical potential of carbon and nitrogen 
in alpha tron, and of chromium carbide and nitride in 
relation to temperature for 12°.,-Cr steel 


In accordance with this equation we can con- 
struct the graph of the rectilinear relationship 
between the free enthalpy of this nitride and tem- 
perature for a given concentration of chromium in 
the solid solution. 

In a similar manner we express the change in the 
free enthalpy of the reaction of the formation of the 
stable chromium carbide: 


23 1 
—h¥4-C = «Cn ~AGe 
6 6 


and the change in the chemical potential of the 
carbon diffused into the alpha iron at various 
concentrations of carbon :!* 


C= (Cx 
00-01%, AGr = 20,000 — 25-98 T 
0-001°%,, AGr = 20,000 — 30-55 T etc. 


The calculated course of all these rectilinear 
functions plotted against G and T co-ordinates are 
given in fig. 19. 

The concentrations of nitrogen and carbon in the 
martensite and 4-ferrite phases in steels B and C 
were calculated by means of the equations given in 
the work of Andrews. (More detailed descriptions 
of the equations used are set out in our most 
recent work.?°) 

The total content of carbon in the steels in which 
we investigated the breakdown of 4-ferrite was 
0- 13°, in the steel designated B, and on the other 
hand 0-09°,, in steel C. If we take into considera- 
tion that, after tempering, in steel B there was 10°/, 
8-ferrite and in steel C 20°/,, we arrive by means of 
calculation at the carbon concentrations in the 


—16,380—1 -54 T 
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TaBLe IV Carbon and nitrogen concentrations in two steels 











CY, N°, 
20°. 10°, 20°, 10 
ferrite ferrite ferrite ferrite 
Total 0-09 0-13 0-02 0-02 
Austenite 0-109 0-142 0-023 0-0214 
Ferrite 0-013 0-017 0-007 0-0077 





martensite and in the 4-ferrite which are given in 
Table IV. 

Let us examine the concentration of carbon in 
the 4-ferrite in greater detail. From fig. 19 it 
follows that ferrite with a 0-01°,, carbon content is 
theoretically in equilibrium with the chromium 
carbide at a temperature just a little above 700°C. 
As the concentration of carbon in the ferrite of our 
particular steels is in both instances above 0-01°,, 
(0-013 and 0-017°,,), it follows from the diagram 
(fig. 19) that at the carbon concentrations calculated 
by us precipitation of the chromium carbides from 
the 4-ferrite would be thermochemically possible 
up to a temperature of about 750°C. 

The nitrogen content in both the steels did not 
fall below 0-02°,,. Whereas 10 and 20°; 4-ferrite 
are respectively present in the structure of the 
tempered specimens, by calculation we arrive at 
concentrations of nitrogen in the ferrite of 0-007 
and 0-0077%,, (Table IV). From fig. 19 it is 
evident that at this concentration of nitrogen in 
the ferrite the latter is saturated with nitrogen, 
and precipitation of nitrogen from the ferrite must 
take place at temperatures below about 900°C. 

If we compare the chemical potentials of the 
carbon and nitrogen diffused into the alpha iron, 
with the chemical potentials of the carbide and 
nitride of iron at a chromium concentration in the 
solid solution equal to 12°,,, we shall see that at 
these calculated concentrations precipitation of the 
nitrides from the 4-ferrite has definite preference 
from the thermochemical aspect. If we further 
take into consideration the fact that in our diagram 
for lack of thermochemical data we could not take 
into account the influence of the diffused chromium 
on the activity of the carbon and the nitrogen in 
the ferrite, and that the presence of chromium 
will obviously reduce their activity, also in addition 
that 4-ferrite with the calculated concentration of 
carbon, at a temperature above 600°C. for instance, 
will be a more stable phase than the chromium 
carbide, these facts alone may serve to emphasize 
the thermochemical preference of the precipitation 
of chromium nitrides from the 4-ferrite. Kinetic 
factors cannot play a part here, for in both instances 
precipitation 1s controlled by the diffusion of 
chromium. 
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Our thermochemical considerations are loaded 
with further inaccuracies, which are confirmed in 
other works,!’:!* and to which attention has 
already been drawn in our literature also;*°. ** the 
conclusions drawn from our reflections are there- 
fore only very approximately valid. Nevertheless 
they do show, however, good agreement with the 
facts observed. 


Conclusions 


The results of our experiments and their com- 
parison with those already published enable us to 
offer the following conclusions about the processes 
which we investigated : 

Precipitation of carbides (1) Our studies confirmed 
the course and the mechanism of the carbide 
reactions during the breakdown of martensite in 
steel with 12-13°,, Cr and a low C content; they 
were carried out and described for a steel close to 
the composition used by Kuo and Heiskanen. 
2) The individual types of chromium carbides do 
not, during this precipitation process, have their 
own specific structures by which one could be 
distinguished from another. 

Precipitation of mitrides (1) By the use of special 
physical and chemical methods we were able: (a) 
to show the orientation and distribution of the 
acicular precipitate in martensite (or sorbite) and 
\-ferrite; (6) to discover the relationship between 
its precipitation and growth on the one hand and 
the time and duration of tempering; and (c) to 
determine the crystallographic structure of the 
precipitate. (2) The acicular precipitate which is 
diffused from the martensite (sorbite) and 4-ferrite 
is chromium nitride (Cr,N). (3) This nitride of 
chromium is identical with the precipitate which is 
formed within the grains of 3-ferrite. Our experi- 
ments showed that the doubts raised by Rickett 
concerning the carbide basis of this phase, which is 
precipitated from 4-ferrite during the breakdown 
of the ferritic phase, were justified. (4) Thermo- 
chemical considerations show that for the precipita- 
tion of the nitrides at temperatures below the Ac, 
point comparatively small quantities of diffused 
nitrogen are sufficient, and likewise that it is 
impossible to rule out the existence of some relation- 
ship between the brittleness of AK 1 steel at work- 
ing temperatures and the migration of nitrogen.** 
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Tantalum 
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The high resistance to corrosion of tantalum makes this metal important in many 


specialized industrial applications. 


The following brief survey of some of its 


characteristics and uses ts the sixth of a series on the newer metals appearing in 


this journal 


WITH A RESISTANCE TO CORROSION comparable to 
that of platinum, the metal tantalum, despite its 
retractable working properties, is now being used 
in both the chemical and electrical industries as 
well as proving an ideal metal for surgery. A white 
metal, in appearance rather like platinum but much 
cheaper, tantalum has been used for some time in 
jewellery and in rayon spinnerets in the United 
States. Yet although such applications have not 
been developed in Britain, other more prominent 
uses have increased the versatility of the metal. 
One important example is the place taken by 
tantalum as a ‘ biologically-acceptable’ metal, in 
the form of fine gauze, thin plates and wire for 
making sutures, repairing damaged tissues and skull 
injuries. 

Tantalum, though a modern metal. has a long 
history. The bicentenary of the opening of the 
British Museum brings to mind how a mineral 
among the many bequeathed by Sir Hans Sloane 
began the story of both tantalum and its sister 
element columbium or niobium. A sample of 
columbite sent to Sloane by John Winthrop, grand- 
son of a governor of Connecticut, lay in the museum 
for decades before Charles Hatchett, son of a pros- 
perous Long Acre coach-builder and brilliant 
chemist, decided to analyse it. Hatchett discovered 
a new element, and duly christened it ‘ columbium ’ 
since it was in an American ore; hence the insistence 
by America on ‘ columbium ’ rather than ‘ niobium’ 
for the modern metal. Columbium and tantalum 
are so closely alike in properties that Hatchett 
could be excused for not finding tantalum present 
as well, this before this English chemist was lured 
from his chemistry ‘by the baneful effects of 
wealth’ as historian Thomas Thomson put it. 
Both tantalum and columbium are found in ferrous 
columbate-tantalate, Fe (Cb-TaO,)2, the mineral 
being called ‘ columbite’ when columbium is in 
excess and ‘tantalite’ when tantalum predominates. 

Just 150 years ago Wollaston, father of powder 
metallurgy who made malleable platinum so suc- 
cessfully, failed to improve on Hatchett’s discovery 
of 1801; for he analysed the ore and simply con- 
cluded that columbium and tantalum are identical 


or the sole ‘new’ metal present. By 1846, how- 
ever, Heinrich Rose made a full study of columbites 
and tantalites from both America and Europe, and 
extracted from them two acidic oxides which were 
not identical. He called one of them niobic acid, 
and named the element ‘niobium.’ In 1802 
Ekeberg, a Swedish chemist, had analysed a speci- 
men of tantalite and named ‘ tantalum’ as a new 
element; hence it only remained for some ingenious 
chemist to find a method of separating the two 
elements by a practical method. 


Extraction processes 

It was in 1866 that Marignac published a classic 
method of separation, one so efficient that it is still 
in use today. The separation depends on the rela- 
tive insolubility of potassium fluotantalate in com- 
parison with the soluble nature of potassium fluo- 
oxycolumbate. In modern extraction processes 
using alkali, the ore is fused with caustic soda or 
potash in preference to the alternative method in 
which fusion with potassium or sodium bisulphate 
followed by washing with hydrochloric acid is used. 
After fusing with the caustic soda (with some 
sodium carbonate) the mass is extracted with water, 
and then with hydrochloric acid to remove iron 
and manganese and to leave hydrated oxides of 
tantalum and columbium, these being now dis- 
solved in hydrofluoric acid and a potassium salt 
added to form the insoluble potassium fluotantalate. 
By further recrystallizing from dilute hydrofluoric 
acid the tantalum-bearing precipitate in purified in 
readiness for extracting tantalum powder. 

Not until 1903 was the first ductile sample of 
tantalum prepared by Werner von Bolten of the 
well-known Siemens-Halske firm in Berlin. This 
eminent German metallurgist was searching for lamp 
filaments in days when every conceivable metal was 
being tried in place of the carbon filament of 
Edison and Swan. More attractive than osmium 
metal for this purpose, especially since osmium 
oxide is highly toxic, was tantalum, so much so 
that some hundred million lamp filaments had been 
produced from it before tungsten dominated the 
field. Although tantalum filaments can only be 
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used with direct current since crystallizing of metal 
occurs with a.c., tantalum lamps still prove useful 
on railroads where excessive vibration may be 
encountered. 

Von Bolten’s process, used by Siemens and Halske 
today, consisted in reducing the potassium fluo- 
tantalate by metallic sodium in steel containers, 
alternate layers of the tantalum compound and of 
sodium being placed in the vessel, After covering 
the large crucible with a lid the temperature is 
raised to begin the exothermic action, the mass 
after completion of this reaction and cooling yielding 
tantalum particles in a fused mass which is dis- 
solved with dilute acid. 

While German extraction processes have been 
based on this sodium method, American producers 
like the Fansteel Corporation prefer the electro- 
lytic process, this after C. W. Balke as pioneer of 
all tantalum research considered the sodium method 
unsuitable for industry. In this alternative a cast- 
iron pot with graphite anode is used, a fused bath 
of potassium fluotantalate being electrolysed while 
tantalum oxide is added to the melt. Crystalline 
aggregates or ‘ trees ’ of tantalum metal are formed, 
the mass left at the end being crushed, ground, 
and the dispersed metal separated by tabling. A 
final washing with dilute acid removes the re- 
maining salts. 


Methods of working 

To convert tantalum powder into the massive 
metal an efficient high-vacuum working is essential 
since the metal has a high affinity for oxygen and 
nitrogen. With a melting point of 2,996°C. and an 
affinity for carbon, the choice of refractories proved 
difficult but this problem has now been overcome, 
the metal being sintered in vacuum like tungsten or 
molybdenum before compressing into bars up to 
24 ft. in length and 1 in. cross section. Such 
bars are gripped between water-cooled terminals 
in the vaccum furnace and then heated by passing 
a current through the bars. In the Siemens-Halske 
method the vacuum furnace has a number of 
tungsten rods as resistors for heating the tantalum 
by radiation. This German processing is more 
difficult than with tungsten or molybdenum and is 
more prolonged than the Fansteel sintering by 
direct electrical heating. 

After sintering the tantalum bars are rolled, 
forged and further heated before completing the 
conversion to metal free from porosity. Forging, 
rolling and swaging in the cold are less difficult 
than might be expected, heating being forbidden 
because of oxygen absorption. Annealing in a 
Vacuum furnace at an appreciable temperature is, 
however, always necessary before further reduction 
into sheet, which is now obtainable down to 0- 0002 
inches in thickness. For drawing to rod or wire 
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metal carbide dies are used or diamond dies for 
fine dimensions. 

Tantalum articles or parts can be chemically 
cleaned by use of hot chromic acid solutions, but 
grit blasting must be by steel grit to enable par- 
ticles of grit to be removed with concentrated 
hydrochloric acid. Carbon tetrachoride is quoted 
as the most suitable cutting-medium, a liberal 
flooding being maintained during operations. Re- 
sistance welding and arc welding techniques have 
been fully developed in the Fansteel research 
laboratories. 


Applications in industry 

Modern applications of tantalum illustrate the 
scope for fabricating into a wide variety of com- 
ponents. The metal is supreme in corrosion 
resistance in chemical industry, very thin layers 
being fully resistant with correspondingly high heat 
transfer. Tantalum chemical plant may be used 
with wet or dry chlorine, bromine and iodine, with 
wet or dry salts except those which hydrolyse to 
strong alkalies, with concentrated acids except 
hydrofluoric acid and oleum or phosphoric acid at 
high temperatures, and with organic compounds 
except those which contain fluorine or which may 
form caustic alkalies. 

In coil and bayonet heaters in the chemical 
industry the metal 1s ideal, annealed tantalum sheet 
of 0-01 inch thick having a tensile strength of 
50,000 Ib. sq. in., while worked sheet has a strength 
of 110,000 Ib.'sq. in. High steam pressures may 
thus be used, with heaters evaporating 200-Ib. 
liquid per hour from dilute acid for a heating sur- 
face of only 0-5 sq. ft. Absorption systems for 
hydrochloric acid incorporating thin-walled tantalum 
tubes and a falling film system can yield, for example, 
36°, concentrated acid with cooling water at 87°F. 
Much old HCl plant has been written off with 
tantalum plant displacing such equipment. 

The metal has been widely adopted in nozzles 
for chlorinating water supplies, in tantalum ex- 
truders for sausage casings and other products, in 
fountain-pen nibs, and in the United States in 
spinnerets for rayon production. 

In chemical plant in which tantalum is used it is 
particularly in heat transfer that the metal has 
advantages over other corrosion-resisting materials. 
In the nitric acid industry a heater with an effective 
heating area of 2-36 sq. ft. and using 150 Ib. of 
steam, for example, can evaporate a ton of 95°, 
acid per hour. Multiple bayonet heaters and heat 
exchangers with as many as 174 seamless tubes of 
tantalum bring a wide demand for tantalum tubing, 
which is available as lap-welded, inert gas arc 
welded and seamless, and for elbows, tees and 
tube fittings. 

continued on page 283 
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Temper-embrittlement 


A review of the literature 


The phenomena of temper-embrittlement and the techmiques used to evaluate em- 
brittlement characteristics have been studied since the beginning of the century. 
This critical review of published work in the field is by Dr. T. P. Singh, chief 
metallurgist, Tinplate Company of India, Jamshedpur, and is based on the author's 
contribution in ‘ TISCO,’ October, 1958 


Most OF THE ENGINEERING STEELS are used in a 
quenched and tempered state, the purpose of 
tempering being to induce a degree of softness and 
toughness in the steel. But it has been a well-known 
fact that many of the steels of the low-alloy type, 
after being quenched and tempered, lose their 
impact resistance and become brittle if after tem- 
pering the steels are cooled slowly or held for 
longer time in the temperature range 600—300°C. 
It is to this phenomenon that the name temper- 
brittleness has been given. A Ni-Cr steel cooled 
at different rates from the temperature of 650°C. 
gives a set of vastly different notched-bar impact 
values depending on the rates of cooling, as can be 
seen from Table I. 

Taste I Effect of rates of cooling of quenched and 
tempered steel 


Method of cooling Fracture energy, ft. Ib. 





from 650°C. (Izod test at R.T.) 
Furnace 7 
Air 17 
Oil 44 
_— aa 35 


As early as 1883, certain blacksmiths followed 
the practice of water-quenching the steels from the 
tempering temperature, to avoid lack of toughness, 
and this practice came to be known as water- 
annealing. Later on the desirability of quenching 
Ni-Cr steels after tempering was emphasized in 
several Krupp patents taken in the year 1900.’ 
It was, however, during the First World War, 
when lots of alloy steels were used and needed for 
war efforts, that this problem of temper-brittleness 
became important. The notched-bar impact test 
became one of the important acceptance tests, and 
the steels had to be suitably heat-treated to give 
a high impact strength. 

Comparison of the room temperature impact-test 


results was the basis of earlier investigators for 
studying the embrittlement in various steels after 
different heat treatments. The tendency of a par- 
ucular steel to temper-embrittlement was expressed 
as the ratio of impact-test results after water- 
quenching and after furnace cooling respectively 
from 650°C., and this ratio was called the * suscepti- 
bility ratio’ of the steel. 

Although a considerable amount of work has 
been done, and much experimental data were made 
available by the earlier workers like Dickenson, 
Hatfield* and Greaves,° there were still wide diver- 
gencies in their results. Greaves and Jones,’ 
however, discovered in 1925 that the addition of 
molybdenum to susceptible steels could reduce or 
remove the embrittlement, and this helped greatly 
to solve the practical aspect of the problem, but the 
cause for temper-brittleness still remained obscure. 


Transition temperature 


The limitations of and discrepancy in assessing 
temper-embrittlement of a steel by determining its 
susceptibility ratio became quite obvious as a result 
of Jolivet and Vidal’s* work in the year 1944. They 
were the first to point out that the fracture energy 
of all ferritic steels varied with the temperature of 
testing, and that there was a rather steep drop in 
the impact energy of such steels at a relatively lower 
temperature, irrespective of the fact whether the 
steel was temper-embrittled or not. This marked 
drop in the fracture-energy/testing-temperature 
curve came to be known as transition temperature, 
and its exact location with respect to the curve will 
be discussed later on. Jolivet and Vidal further 
indicated that, as a result of temper-embrittlement 
in a steel, the portion of its fracture-energy/testing- 
temperature curve, including the transition tem- 
perature, was only displaced to higher tem 
as shown in fig. 1. It is quite clear from this 
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figure that, for the same steel, a set of three entirely 
different susceptibility ratios can be obtained 
depending on the temperature of testing. If 
temperature 7, happens to be the testing tempera- 
ture, then the steel would appear to be highly 
susceptible, while if the testing temperatures are 
T;, and 7,, the steel would be only slightly or 
little susceptible respectively. 

This new concept of the effect of temper- 
embrittlement has made it necessary to re-examine 
the earlier work, and has provided a new basis for 
the study of temper-brittleness. Even before 
Jolivet and Vidal, both Monypenny,'® and Greaves 
and Jones" had found the variation of notched-bar 
impact results with the testing temperature, but 
had failed to realize its real significance. Since 
1944, however, the degree of displacement of the 
transition temperature in the fracture-energy 
testing-temperature curve became a measure of the 
amount of embrittlement. 

As stated already, the point of inflection in the 
fracture-energy /testing-temperature curve is gener- 
ally taken as the transition temperature.* There 
are, however, other methods employed by various 
workers for locating the position of the fracture- 
energy curves for purposes of comparison. Prin- 
ciples based on the nature of fracture, and also the 
amount of fracture energy, have been used for 
fixing the transition temperature in the curve. 
They are mainly as follows: 

(i) The lowest possible temperature at which 
the fracture is 100°, ductile. 

(ii) The temperature at which fracture shows 
50°, brittle fracture. 

(iii) The temperature at which fracture energy 
is reduced to some arbitrary value e.g. 15 or 20 ft Ib. 

(iv) The temperature at which fracture energy is 
reduced to half the value required for completely 
ductile fracture. 

The amount of displacement of the transition 
temperature due to temper-embrittlement is taken 
to be a direct measure of the amount of temper- 
brittleness, although no reasons have been given to 
show that such a simple relationship exists. 

The choice of any of the definitions of transition 
temperature does not matter greatly if the same 
definition is adhered to in any particular investiga- 
tion. But if the shape of curves for various steels 
are basically different, then the choice of a particular 
definition may well matter. 

The inflection in the curve (fig. 1) very closely 


corresponds to the presence of initial traces of 


brittle fracture in the test-piece. The percentage of 
brittle fracture progressively increases, as one comes 
down the slope of the curve till it is almost 100°, 
brittle where the curve again flattens out at lower 
energy levels. Since this transition from ductile to 
brittle fracture takes place in both unembrittled 
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as well as embrittled steels, it is of interest to see if 
the brittle fractures in them differ from each other 
in any respect. This aspect of fractography will be 
discussed later. 


Metallographic evidence 

Structures of specimens with and without 
temper-embrittlement have been found to show 
little or no difference when treated by normal etcli- 
ing reagents like picral, nital and even special 
carbide reagents.’.*'*:?* Cohen and others,'* 
however, were the first to distinguish between an 
unembrittled and an embrittled specimen under 
a microscope, using an ethereal solution of picric 
acid mixed with zephiran chloride (zephiran chloride 
is a mixture of alkyl dimethyl-benzyl-ammonium 
chlorides). There was a marked grain-boundary 
attack in the case of the embrittled specimen 
while the unembrittled specimen showed just the 
normal etch without any suggestion of grain 
delineation. The other etching reagents mentioned 
above failed to produce any grain attack. The 
close co-relationship between the grain-boundary 
attack and temper-brittleness in the specimens 
examined by them was established, and they claimed 
to distinguish between unembrittled and embrittled 

pecimens of a Ni-Cr steel when the difference in 
their transition temperatures was only 20°C. 

[t was discovered!® later on that several other 

yents, with picric acid as one of their constituents, 
duced the grain-boundary attack, and in 
act Woodfine*® showed that aqueous picric acid 
vas equally good in this respect.*# 

VicLean and Northcott'® suggested that the 
undary attack in the embrittled specimens 

-d the original austenite grain boundaries and 
the sub-boundaries observed by them inside a 

i grain were due to the difference in orienta- 
ions within the grain. There were no experimental 
proofs given by these investigators to support their 
assumption that the grain boundaries revealed 
by their etchant were the prior austenite grain 
boundaries. 

Woodfine,* in an attempt to establish some 
relationship between the grain delineation and the 
prior austenite grains of an embrittled specimen, 
devised an experiment in which he thermally etched 
the prior austenite grains of specimen and sub- 
sequently temper-embrittled the same specimen to 
examine the grain-boundary attack. His technique 
consisted of thermally etching an electropolished 
Ni-Cr steel specimen by heating it for 1 h. at 900°C. 
and then quickly cooling it in the furnace tube itself 
under reduced pressure. The cooling from 900°C. 
to room temperature resulted in a bainitic structure. 
He drew a number of small rings on the polished 
and thermally etched surface of the specimen to 
help locate representative areas and took a number 
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of photographs before and after a light picral etch. 
The specimen was then given an embrittling 
treatment by heating it to 650°C. for 1 h. under 
reduced pressure and allowed to cool slowly in the 
furnace. After removing all traces of the previous 
etch by light polishing and picral etch, the specimen 
was finally lightly polished and etched in aqueous 
picric acid and the representative areas were then 
rephotographed. The micrographs quite unmistak- 
ably showed that the grains that were thermally 
etched, 1.e. which were prior austenite grains, were 
also the ones that were attacked by the aqueous 
picric acid after the embrittling treatment. The 
fact that the embrittling treatment was given to a 
steel with bainitic structure instead of the usual 
tempered martensitic structure need not, according 
to Woodfine, mean that the same results would not 
apply to the latter, i.e. the tempered martensite 
structure. This seems to be a_ reasonable 
assumption. 

There were, however, some grains found after 
embrittling treatment in his other experiments 
which did not conform to prior austenite grains, and 
Woodfine thought that these sub-grains corre- 
sponded to ferrite grain boundaries. 


Grain-boundary etch 

The cause of the grain delineation in the case of 
the temper-embrittled specimens has been studied 
by a number of workers. Maloof,’’ took a few 
electron micrographs of a Ni-Cr steel with and 
without temper-brittleness, using zephiran chloride 
as the etching reagent. The embrittled specimen 
showed a clear grain-boundary attack, but Maloof 
could not be certain if the etching reagent had 
produced a groove or a ridge at the grain boundary. 
Woodfine** also studied the grain-boundary attack 
due to aqueous picric acid in temper-embrittled 
specimens with the help of an electron microscope, 
using negative formvar replicas. The grain 
boundaries when etched by aqueous picric acid 
appear to be dark at low magnifications. But 
when seen under the high magnification of an 
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electron microscope, these were found to be distinct 
grooves. Woodfine did not find any evidence of 
any precipitate along the grain boundary except 
for the occasional carbide particles whose distribu- 
tion was quite random in the matrix without any 
special preference for the grain boundary. He 
further observed that by increasing the etching 
time the grooves became deeper and wider. He 
used this observation to support his contention that 
the etching was not due to the presence of a film 
or particles of a distinct phase which would have 
a defined boundary with respect to the matrix, and 
would, therefore, have limited the depth of the 
groove to these boundaries; this is contrary to 
what has been observed. 


Nature of fracture 

A marked difference is noticeable in the brittle 
fractures of an unembrittled and embrittled steel 
even on visual examination. Suggestions were 
made quite early that the brittle fractures in an 
embrittled steel were always intergranular since, in 
the case of unembrittled steels, cleavage frac- 
tures®: °°. 22 were observed. There was another 
school of thought,*: *: **. > however, which would 
not entirely agree to this suggestion, and it remained 
inconclusive till McLean and Northcott observed 
in 1947 that the brittle fracture in a temper- 
embrittled Ni-Cr steel was intergranular. Unfor- 
tunately, they did not examine a corresponding 
brittle fracture in the same steel without temper- 
embrittlement. 

Entwisle and Smith** showed clearly with the 
help of two fractographs that in the case of a Ni-Cr 
steel, which was broken at -180°C. to give brittle 
fracture without temper-embrittlement, the fracture 
was distinctly cleavage, while the same steel with 
temper-embrittlement broken at the same tem- 
perature showed intergranular fracture. 

Jaffe and Buffum™ have recently shown by care- 
fully preparing a cross-section at right-angles to 
brittle fracture in an isothermally temper-embrittled 
steel that the path of fracture mostly follows the 
austenite grain boundary. 

Woodfine,® using a similar technique, had found 
the same results earlier. In fact, based on the 
experiences of a number of investigators, the 
absence of intergranular fracture in a specimen 
which has failed in a brittle manner has come to be 
regarded as a definite proof that temper-embrittle- 
ment has not taken place in the steel while its 
(intergranular fracture) presence meant that the 
steel has developed temper-brittleness. 


Effects of temper-embrittlement 

Results of careful investigations have failed to 
show any apparent difference in the mechanical 
properties of several susceptible steels before and 
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2 Transition temperature for a Cr steel plotted against 
time of treatment at various temperatures indicated on 
curves. The steel was originally quenched and tempered at 
650°C 


after the temper-embrittling treatment. In these 
investigations due precautions were taken to ensure 
that the steel with and without temper-brittleness 
had a comparable amount of tempering. This was 
ensured by taking two specimens which were 
quenched and tempered at 650°C. One of the 
specimens was then quenched from the tempering 
temperature and the other was allowed to cool 
slowly in the furnace from 650°C. Both the 
specimens were again reheated to 650°C. and this 
time the specimen which was cooled slowly in 
furnace before was quenched from 650°C. and the 
other one which was previously quenched from 
650°C. was allowed to cool slowly in the furnace 
from the same temperature. Test results on these 
specimens showed no difference in their fatigue 
properties, hardness, yield stress, maximum stress 
or elongation.®: !*. '° So temper-brittleness does not 
seem to affect these properties. Woodfine,® how- 
ever, has found in his low-temperature (—196°C.) 
tensile tests that the Ni-Cr steel K (2-92°,, Ni, 
0-87°%, Cr, 0-33°,, C), after having been embrittled 
for 32 h. at 500°C., showed a decrease in the 
reduction in area from 57°, to 35°, and in the 
maximum stress from 96-5 to 84-1 tons/sq. in. 
This is attributed to the lowering of the brittle- 
fracture strength, as distinct from the ductile 
strength, due to temper-brittleness. In severely 
temper-embrittled specimens, slight decrease in the 
reduction in area at room temperature tensile tests 
has been observed in a few steels. The effect of 
temper-brittleness on notched bars, whether in 
impact or in slow-bending tests, is the same and is 
shown in fig. 1. Magnetic and electrical properties 
of specimens with and without temper-brittleness 
showed no significant difference.*: ' 

X-ray investigations were also made using a 
back-reflection technique by Weill” as well as by 
Jacquet"* and others on specimens with and without 
temper-brittleness. In the tough condition, Weill 
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3 Transition temperature v. embrittling time for various 
embrittling temperatures 


found that the (211) Ka doublet was resolved, 
while in the brittle condition it was not. Jacquet 
and others got entirely opposite results to this on 
a chromium steel. So nothing conclusive came 
out of this and the effects observed were probably 
due to the difference in ferrite grain size and carbide 
particles rather than to factors connected with 
temper-brittleness. 


Isothermal kinetics 

It has been generally found that specimens of 
susceptible steels held or allowed to cool slowly 
in the temperature range 600—300°C. develop 
temper-brittleness in a small or greater degree 
depending on several factors. The most important 
of these seem to be the temperature and time of 
holding in this range in addition to the inherent 
suscepubility of the steel and its previous history. 

The effect of temper-brittleness which takes place 
in this range is completely removed by heating the 
specimen to above 650°C. and then quenching it in 
water to any temperature below 300°C. 

The study of the separate effects of temperature 
and time is best done with the help of an isothermal 
embrittlement diagram where data obtained from 
isothermally treated specimens are plotted. Greaves 
and Jones® first studied the progress of temper- 
brittleness in isothermally treated specimens, but 
they used the room temperature impact results. 
They found, however, that the maximum tem- 
perature at which temper-brittleness developed was 
600°C. 

Vidal followed® the development of temper- 
brittleness with time at various temperatures by 
determining the displacement of the transition 
temperature. The steel studied had the following 
composition: 0-25°, C, 0-30°% Mn, 1-38°, Cr. 
The specimens were austenitized and quenched to 
martensite and then tempered at 650°C. for 1 h. 
and water-quenched; they were then treated for 
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various times at different temperatures from which 
they were quenched in water again. The results 
are shown in fig. 2° 

The curve for 525°C. shows the maximum 
embrittlement for long periods of tempering. The 
rate of embrittlement is quite high in the initial 
stages, which seems to slow down after some time 
and tends towards a steady value at longer times of 
holding. This feature seems to apply to curves at 
lower temperatures also. Only the initial rate of 
embrittlement and the total embrittlement tend to 
decrease with decreasing temperatures. The curve 
for 575°C. shows that the maximum rate of initial 
embrittlement attains the maximum value in about 
2-h. time and then the embrittlement seems to 
decrease with increasing time. 

Jaffe and Buffum,” using a similar technique as 
employed by Vidal, studied temper-embrittlement 
in SAE 3140 Ni-Cr steel (0-39°,, C, 0-77°%,, Cr, 
1-26%, Ni, 0-30% Si, 0-79°,, Mn), the results of 
which are shown in fig. 3. Their results differed 
in certain respects with those of Vidal’s, but this 
was probably because of the difference in the 
compositions of their steels. Jaffe and Buffum, 
however, also observed that at 550°C. the embrittle- 
ment started decreasing after 48 h. This effect is 
somehow not indicated in their curves but is 
mentioned in the text. 

Vidal, in the case of his steel, thought it to be 
a phenomenon similar to over-ageing in age- 
hardening steels. Jaffe and Buffum attributed this 
behaviour to the softening that might have occurred 
in the steel due to retempering at this temperature. 

Woodfine*® found similar effects in his steel K 
at temperatures of 550 and 575°C. Art 550°C. 
the maximum embrittlement reached was approxi- 
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mately 95°C. in 6 h. and, on further tempering, the 
embrittlement slowly decreased to 74°C. after 128 h. 
Again, at 575°C., the embrittlement reached a 
maximum of about 72°C. after only $ h. and then 
decreased to 39°C. after 128 h. Due to long 
tempering at these temperatures, a significant 
decrease in hardness had occurred. To investigate 
the effect of hardness on transition temperatures in 
steel K, Woodfine oil-quenched a group of bars 
from 850°C. and tempered them at 650°C. for 5 h., 
and he found on comparing the results for | h. 
and 5 h. tempering at 650°C. that a decrease of 
27 V.P.N. numbers decreased the transition tem- 
perature by 8°C. At 550°C., the transition tem- 
perature decreased by 21°C. between 8 h. and 
128 h., whilst the hardness fell by only 10 V.P.N. 
numbers; at 575°C. the transition temperature 
decreased by 33°C. between } h. and 128 h., whilst 
the hardness fell by 18 V.P.N. numbers. Woodfine 
thus observed that, provided the change in the 
transition temperature produced by a given decrease 
in hardness was independent of the actual value of 
the transition temperature, it would appear that the 
softening at 550 and 575°C. was not sufficient to 
produce the observed decrease in the temper- 
embrittlement at these temperatures. 

He further went on to suggest that the decrease 
in the temper-embrittlement that occurred in steel 
K at 500 and 575°C. after long-time treatments 
did not appear to be due either to softening or the 
spheroidization of the grain-boundary phase, but 
was possibly the result of diffusion of chromium 
from the matrix into the carbide particles. 

The maximum temperature at which temper- 
brittleness has been known to occur has been 
reported differently by different investigators, which 
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it at least partly due to the different steels used by 
them. Woodfine® found that in steel K temper- 
embrittlement could occur at and above 600°C., 
but the magnitude of the effect was small. 

Recently Jaffe and Buffum,” on the other hand, 
have reported that SAE 3140 steel showed a very 
rapid embrittlement at 675°C. In fact, they 
extended the isothermal study of temper-brittleness 
to temperatures up to 700°C. (690°C. being the 
Ae, of the steel) and found the presence of the 
upper nose in the time-temperature diagram for 
isothermal embrittlement as shown in fig. 4. The 
upper nose, as seen in the diagram, corresponds to 
575 C. and, according to the authors, the upper 
nose embrittlement was most severe at this tem- 
perature. There is also a deep bay or region of 

w embrittlement just above 600°C. 

Specimens embrittled in the upper nose region, 

wever, showed poor response to ethereal picric 
cid etch. Also they showed fractures quite 
lifferent to the ones embrittled at lower tem- 
eratures, which was apparent even to the naked eye. 

Bhat and Libsch,*’ using the same SAE 3140 
teel, studied the effects of low-temperature em- 
>rittlement on the subsequent upper nose embrittle- 
ment and vice versa. Their results appear in figs. 5 
and 6. It can be seen from the diagrams that the 
effect of lower nose embrittlement on the sub- 
sequent upper nose embrittlement is almost 
negligible. But if the lower nose embrittlement 
follows the upper nose embrittlement, as shown in 
fig. 7, the specimen fails to attain values which it 
would otherwise have done if the latter was absent. 

Woodfine*® studied the effect of previous treat- 
ment on the temper-embrittlement produced in 
a subsequent treatment at different temperatures in 
the case of the Ni-Cr steel K (2-92°,, Ni, 0-33°,, C, 
0-87°%,, Cr). He also found that, if both the 
successive treatments were at temperatures in the 
lower region (550°C. and below), the effect pro- 
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duced was as if only the last treatment was given 
and the first one omitted. In the case of the 
specimen which was previously treated at 575°C. 
and above and then subsequently treated at a lower 
temperature of 500°C., the amount of embrittlement 
was less than if the specimen were treated at 
500°C. alone for the same length of time—a result 
similar to that of Bhat and Libsch. 

From the kinetics of the temper-brittleness 
reaction studied at various temperatures (fig. 5) 
there seems to be a strong suggestion that two 
different mechanisms are operating: one above the 
600°C. responsible for the upper nose reaction and 
the other between 600 and 300°C. responsible for 
the lower region embrittlement. This is also 
borne out by the metallographic and the fracto- 
graphic evidence available. 

Effect of previous treatment in the upper nose 
region (670 °C.) on the subsequent treatment in the 
lower temperature region (500°C.), as pointed out 
above, has been taken to mean that the embrittle- 
ment taking place at the lower region*’ is sensitive 
to structure, i.e. a structure containing well- 
developed ferrite grain boundaries appears less sus- 
ceptible to embrittlement in the lower nose region. 

On the other hand, the effect of embrittlement 
at 500°C. is completely removed by reheating to 
670 C. for very short times, and has no significant 
influence on the subsequent development of 
embrittlement at 670°C. This behaviour is sugges- 
tive of either nucleation and growth of a precipitate 
and its solution with increased solubility at higher 
temperatures or segregation of solute elements to 
prior austenite grain boundaries* and again a 
decrease in the grain-boundary segregation at 
higher temperatures due to the increased thermal 
mobility of carbon atoms, and also as suggested by 
Woodfine, as the ferrite lattice expands, from a 
decrease in the lattice strain produced by the 
presence of the carbon. 
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temperature of a Ni-Cr steel tempered at 675°C. for 
increasing length of time 


The segregation of solute atoms at the grain 
boundary rather than the nucleation and growth of 
a new phase appears to be the possible cause for 
the lower temperature region embrittlement. Elec- 
tron microscopic study has failed to show the 
presence of any new phase* at the grain boundaries 
of embrittled specimens and this seems to rule out 
the nucleation and growth mechanism of a new 
phase as a possible cause for temper-brittleness. 

As for the embrittlement taking place at 670°C.., 
Bhat and Libsch suggest that it may be related to 
a permanent structural change which is continuous 
with temperature and time. They further point 
out that this structural change is consistent with the 
development of well-defined ferrite grains at 670°C. 
and their growth with increasing time. Woodfine,™ 
who also studied Jaffe and Buffum’s earlier” result, 
made the same observations that, in the absence of 
any metallographic or fractographic evidence, the 
increase in the transition temperature at 670°C. 
was not due to temper-brittlement but probably 
to the increase in the ferrite grain size and carbide 
coalescence with the increase in temperature. He 
also showed, using Jaffe and Buffum’s results 
(fig. 7),54 that there was a significant correlation 
between the transition temperatures and the 
Rockwell hardness values for the specimen treated 
at 670°C. for increasing length of time. 

Jaffe and Buffum*® maintained that the upper 
nose embrittlement could not be due to ferrite 
grain growth and pointed out that an increase of 
more than 90°C. in the corrected transition tem- 
perature (correction for fall in hardness) was 
observed during the upper nose embrittlement 
with no noticeable change in ferrite grain size. 
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They, however, did not suggest any alternative 
mechanism to explain the upper nose embrittlement. 


Temper-embrittlement in various types of 
steels 

From the practical aspect of the problem, it is 
the Ni-Cr steels of the low-alloy type which are 
considered important so far as the susceptibility to 
temper-brittleness is concerned. This is, first, 
because these steels are very widely used and, 
secondly, they seem to be very prone to temper- 
brittleness. 

Steels containing Ni, Cr and Mn or even any 
two of these elements form the largest group of 
susceptible steels. 

Plain nickel steels are not usually considered to 
be temper-brittle.*: *- * Woodfine,® however, found 
that a 3°,, Ni steel showed a very slight embrittle- 
ment when treated at 500°C. for 24h. The actual 
displacement of the transition temperature was 
only 7°C., and there was also a slight but definite 
grain-boundary etch when treated with aqueous 
picric acid. 

Addition of phosphorus to a nickel steel was 
found to increase the susceptibility of the steel 
considerably.* In a steel with 0-1°%, P and 2-94%, 
Ni, the transition temperature was found to increase 
by 84°C. as compared to 7°C. only in the case of 
3°, Ni steel with 0-01°%, P. The properties of steel 
with 0-1°, P were adversely affected even in the 
absence of temper-brittleness. Compared to the 
steel with 0-01°,, P, the maximum fracture energy 
of the high-phosphorus steel (0-10°,, P) decreased 
from 72 to 52 ft. Ib. and the transition temperature 
was raised from -34 to +-12°C. 

Plain chromium steels are also susceptible to 
temper-brittleness, and Jolivet and Vidal* have 
shown that the temper-embrittlement produced by 
a given treatment increases with increasing chro- 
mium. Similar results have been found with respect 
to manganese also.**: 2° 

The effect of nickel, chromium and manganese 
in combination becomes complicated. Increasing 
the amount of any one of the elements when all 
the three are present in a steel increases the sus- 
ceptibility.*.** Nickel alone has a very slight 
effect on the susceptibility, but when present in 
a susceptible steel, its (Ni) increase also increases 
the susceptibility. Effects due to manganese and 
nickel are increased by the addition of chromium, 
but increasing the chromium content of a steel 
containing manganese and nickel has an effect 
which is quite independent of these elements. 

Molybdenum is exceptional in its effect and, 
when present in amounts up to about 0-4%, it 
decreases the susceptibility of otherwise susceptible 
steels.*° But when present in larger amounts (2°, ) 
it has been found to make the steel susceptible.” 








metal treatment 
and Drop Forging 


Vanadium and tungsten have both been found to 
increase the susceptibility of steels.*. 

There have been suggestions that temper- 
brittleness was due to the precipitation of iron 
nitride.** Woodfine,* using steels containing 
titanium, found that its presence did not help in 
preventing temper-embrittlement in susceptible 
steel. Since titanium is a strong nitride-forming 
element, he ruled out the possibility of the pre- 
cipitation of iron nitride as a cause for temper- 
brittleness. Theaddition of 0-5°,, Al toa chromium 
steel did not affect the susceptibility.* 


Effect of microstructure and grain size 

Development of temper-brittleness in steels with 
structures other than tempered martensite has 
also been studied by a few workers. Pellini and 
Queneau*’ obtained fracture-energy curves for 
specimens temper-embrittled after various iso- 
thermal treatments. Temper-embrittlement in their 
pearlitic specimens was less than in the tempered 
martensitic specimens after the same treatment. 

Woodfine’s® results also show that temper- 
brittleness can occur in pearlitic and bainitic 
micro-structures as well as in tempered martensite. 
For the particular steel K, he found that, for the 
same embrittling treatment, the amount of 
embrittlement Aé ( Aé being the rise in transition 
temperature) was 196°C. for tempered martensite, 
110°C. for bainite and 51°C. for pearlite. All 
these embrittled specimens showed heavy grain- 
boundary attack when etched with aqueous picric 
acid. 

An increase in the austenite grain size seemed to 
increase the susceptibility. Hurlich** and Wood- 
fine® both found that the total embrittlement after 
a given time as well as the rate of embrittlement 
was much greater than for the same steel in the 
fine-grained condition. 


Plain carbon steels 

Temper-brittleness in plain carbon steeis has 
become a thing more of academical interest than 
anything else. Plain carbon steels with less than 
0-5°,, Mn are usually not considered to be sus- 
ceptible. Jaffe and Buffum, and Bhat and Libsch, 
however, made a suggestion that these were so 
extremely susceptible that even quenching them 
from above 600°C. did not prevent embrittlement. 
In other words, all plain carbon steels suffer from 
temper-brittleness even though they have escaped 
normal embrittling treatment. 

Jaffe and Buffum argued that ‘the hypothesis 
that plain carbon steels develop temper-brittleness 
so rapidly that they become embrittled even when 
quenched from tempering temperature then leads 
to the predictions that (i) without the deliberate 
embrittling treatment the transition temperature of 
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the carbon steel is higher than that of the alloy 
steel, and (ii) with the embrittling treatment the 
transition temperatures of the two steels are 
roughly equal.’ 

They had taken precautions to ensure that the 
plain carbon and the Ni-Cr steel used had com- 
parable hardness and grain size. The transition 
temperature was taken as the temperature at which 
the fracture was 50°,, brittle. Employing this 
definition of the transition temperature, they found 
a difference of 30°C. in the transition temperatures 
of plain carbon steel and alloy steel without the 
embrittling treatment. After the embrittling treat- 
ment, the difference in the transition temperatures 
of the two steels became 5°C. 

Woodfine™ re-examined their results and showed 
that, if the transition temperature is defined as the 
lowest testing temperature at which the fracture is 
100°,, ductile (as used by Jaffe and Buffum in their 
other investigations), the following results are 
obtained: (1) the difference in the transition tem- 
peratures of the two steels without embrittlement 
became only 5°C. instead of 30°C., as found by 
Jaffe and Buffum, and (2) in the case of steels after 
embrittling treatment the difference in the transition 
temperatures became 30°C. instead of 5°C., which 
was exactly the reverse of what Jaffe and Buffum 
had found. 

Jaffe and Buffum™ have recently suggested that 
the temper-brittleness occurring in plain carbon 
steels is probably of the upper nose type. 

Whether or not temper-brittleness does take place 
in plain carbon steels, it seems almost certain that it 
does not show characteristic features of the normal 
temper-brittleness. 

Entwisle and Smith* found that a C-4°,, C-0-6°, 
Mn steel treated at 480°C. for 24 h. showed only 
5°., intergranular fracture when broken at —180°C., ° 
and they concluded that the steel was not susceptible 
to temper-brittleness in the normal sense of the 
term. The supposedly temper-embrittled speci- 
mens of plain carbon steels did not show the 
characteristic grain-boundary attack when etched 
with zephiran chloride. 


Conclusions 

It appears that the upper nose embrittlement 
reported by Jaffe and Buffum*® in the SAE 3140 
stee] and the embrittlement taking place in the same 
steel at relatively lower temperatures, e.g. 500°C., 
arise from two different causes. Embrittlement 
taking place at lower temperature (600°C. and 
below) corresponds to the normal temper-brittleness 
as generally understood. It is important that, in 


a future study of temper-brittleness, the upper 
nose embrittlement should not be confused with 
temper-brittleness. 

Specimens with temper-brittleness show an inter- 
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granular fracture when broken in an impact test. 
They also show a marked grain-boundary attack 
when etched with reagents based on picric acid and 
containing small traces of surface-active compounds. 

Temper-brittleness displaces the fracture-energy 
testing-temperature curve to higher temperatures, 
but its presence is not revealed by any of the normal 
mechanical tests. Physical properties of susceptible 
steels are also not affected by temper-brittleness. 
Plain carbon steels with less than 0-6°;, Mn do not 
show any temper-brittleness. 

Steels containing Mn, Cr, W, Mo and Ni show 
susceptibility to temper-brittleness. Molybdenum 
when present up to a certain percentage (0-4°,,) 
decreases the susceptibility. Nickel when present 
alone does not usually make the steel susceptible, 
but in combination with high phosphorus, it has 
been found to increase the susceptibility. 

Temper-brittleness has been found to occur in 
susceptible steels with tempered martensitic struc- 
ture as well as with any other directly transformed 
product of austenite, e.g. pearlite, bainite, etc. The 
amount of temper-brittleness occurring in steel with 
tempered martenisitic structure is, of course, much 
more than in the same steel with pearlitic or bainitic 
microstructure. 

The theory most favoured to explain temper- 
brittleness is the segregation of solute atoms at the 
grain boundaries. No evidence has been found of 
the presence of any precipitated phase at the grain 
boundaries. 

The upper nose embrittlement occurring at 
675°C. is possibly due to the ferrite grain growth 
and coalescing of carbide particles. 

Long-time tempering at higher temperatures 
(650°C.) has been found to decrease the suscepti- 
bility of steels treated subsequently in the embritt- 
ling range. This suggests a practical possibility of 
minimizing the danger of temper-brittleness in 
susceptible steels. 
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Tantalum 
concluded from page 274 


An example in which the high corrosion resist- 
ance of tantalum is essential is as ‘ biologically 
acceptable ’ metal in surgical repair work. Implants 
of tantalum gauze are adopted for cases where 
muscular or soft tissue is missing or has been 
removed. Tissue grows over and incorporates the 
fine gauze, the tantalum being a bridge for such 
tissue growth. Fine tubes of very thin tantalum 
foil are used to encase severed nerves, while in 
plastic surgery tantalum wool is used to pad areas 
of missing flesh and tiny lengths of tubing for 
repairing small bones. Some thousands of skull 
injuries have been repaired with tantalum plates, 
while miles of wire have been applied for surgical 
sutures. 

Two other applications of tantalum are to be 
found in the electrical industries. Tantalum and 
lead plates in dilute sulphuric acid constitute a 
rectifier or trickle-charger, for when a.c. is applied, 
current will flow from the lead to the tantalum and 
not in the opposite direction. The fact that tantalum 
forms an anodic film of unusual stability is also 
applied in capacitors incorporating one tantalum 
electrode and one of silver in an electrolyte, the 
tantalum element being always positive in the 
circuit. Here again the tantalum workability down 
to 0-0005 inch thick for such elements is of 
advantage. 

In radio valves and electronic tubes the high 
melting point of tantalum and its strength are 
points further added to by the metal’s ‘ getting’ 
properties for trace of residual gases in the tubes. 
By taking the anodes and grids to 2,000°C. during 
processing, any gases present are evolved and the 
metal subsequently absorbs any gas within the 
valve or tube. 

This diversity of applications of tantalum illus- 
trate how an intractable metal first used for lamp 
filaments has outbid even tungsten in finding 
applications in the industrial field. 
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Development as a structural element 


In recent years, the proportion of flat-rolled steel turned out of the world’s rolling 


mills has steadily increased everywhere. 


In the United States of America in 


particular, this proportion is very high: up to 65°. of the total. This development, 
which is by no means at an end, has been promoted by the fact that an appreciably 
larger range of structural elements in all branches of industry hitherto cast, or 
made of angles and other sections, is now being fabricated from steel plate and sheet. 
In the following article, published in ‘Lerhen und Leisten,’ 2058, p. 271, by Guenther 
Frank, this development is discussed in detail and the advantages of the new techniques 


outlined 


FORMERLY, FLAT-ROLLED STEEL was used, as suitable, 
for covering large areas or for making hardware 
and packaging goods. Alternatively, it was used 
for motor vehicle bodies. Designers had not 
attempted to use it also for load-carrying elements. 
The use of flat-rolled material for this purpose 
required a considerable modification of current 
design practice and technology. A new set of 
static conditions faced the engineer with the 
problem of finding new bases and principles of 
calculation and thus of devising a new elementary 
theory which would satisfy the requirements of 
flat-rolled metal as the new structural material. 

There are, as yet, no uniform and generally valid 
standards for shaped plate- and sheet-metal 
elements, but the first steps in this direction have 
been taken and it is the particular achievement of 
the Forschungsgesellschaft fiir Blechverarbeitung in 
Diisseldorf to have given guidance and leadership 
in this respect. Flat-rolled steel is now being widely 
used not only in the motor industry, and in the 
construction of ships and containers (tanks), but 
also in the construction of machinery and plant 
generally and in the electrical industries. 


Replacement of rolled sections 

Frame members of flat-rolled steel now replace 
rolled sections which have for decades dominated 
the field of structural engineering. Stressed-skin 
construction in motor bodies enables the vehicles 
to be built much lighter and faster and the casings 
of many machines now fulfil the function of a 
load-carrying element. The promotion of any 
considerable industrial expansion depends on the 
economy of mass production in long runs, saving 
in weight, and thus, lower material costs. Flat- 


rolled steel construction satisfies all these require- 
nts, and it is no accident that generations of 
ngineers and technologists had to struggle with 
the problem of lightweight construction, before 
1 broad basis for its general adoption on an industrial 
scale could be created. In this context, lightweight 
onstruction simply means saving weight by correct 
shaping and arrangement of the structural material, 
without sacrificing rigidity and strength to 
considerations of weight. 

Sheet, strip and plate material of all thicknesses 
and sizes are now obtainable for all uses: from 
the ordinary commercial low-carbon steels through 
the range of high-strength carbon steels to the 
special alloy materials. These steels, depending on 
the alloying constituent(s), can be used for purposes 
requiring high resistance to corrosion and acid 
attack, or for resistance to high temperatures in 
boilers, plant or pipelines. Flat-rolled steel can 
also be supplied with various types of surface 
finish, ranging from tinned strip or tinplate to the 
special nickel-clad or chromium-plated tank plates. 
In this connection, mention may be made of the 
plastic-clad sheets recently put on the market, 
which are particularly resistant to acids and alkalis 
and have a high degree of ductility. In addition, 
they can be supplied in very attractive patterns 
and colours which, as a true ‘finish,’ saves any 
further surface treatment of the completed work. 

Improvements in welding technique have played 
a great part in this development, since it is one of 
the pre-requisites of successful design that not 
only should the individual elements thereof be 
well-conceived but that they should also be assem- 
bled and joined together by rational and technically 
sound methods. It is not so very long ago since 
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1 Fiat metal 
stiffeners on solid 
web girder 





3 Two-dimen- 
sional web design 


5 Simple destgn 
for low loading 
and uniform 
distribution of 
loading forces 























7 Fitting longi- 
tudinal (I-) 
stiffeners to 
obtain increased 
bending rigidity 
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2 Thin-web 
I-beam with 
cross-stiffening 
against lateral 
loads 























4 Box-beam web 





6 Flat-rolled- 
metal construc- 
tion, using deep, 
narrow girders 
for low, umidirec- 
tional loading 




















8 Duplex (cellu- 
lar) plate for 
greater torsional 
and bending 
rigidity 
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9 Orthotropic, 
corrugated plate 
for higher 
shearing and 


torsional rigidity 


10 Shell struc- 
ture ensuring 
higher bending 
and torsional 
rigidity 


11 Shell struc- 
ture strengthened 
by fitting longi- 
tudinal stiffeners 


12 Two-dimen- 
stonal convex 
shell structure 
with longitudinal 
stiffeners 


13 Three-dimen- 
stonal shell 
structure 
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bridge members were riveted or bolted together, 
the proportion of the connections to the total 
weight of the structure sometimes reaching 30°. 
The perfected welding methods of the present day 
have for the first time enabled the design of light 
and elegant, although structurally far stronger, 
flat-rolled steel constructions. Thus, strength and 
shapeliness can be combined, and if a riveted 
pre-war bridge—where one has survived—is com- 
pared with a welded structure, the contrast between 
the old and the new is almost as great as between 
Robert Fulton’s first paddle steamer and a modern 
destroyer. 


The ‘ natural’ forms 

It may be mentioned here that in the advance of 
engineering methods represented by flat-rolled steei 
construction, nature may have stood sponsor to 
a far greater extent than many engineers and 
designers may be willing to acknowledge. The 
first of these fundamental ‘ natural’ forms is the 
skeleton (shell-frame) structure. This is a lattice 
framework of bars, either hinge-jointed together 
or forming rigidly-connected girders for truss 
frames. Since the individual structural members 
may be shaped as required a flat-rolled plate 
girder is far more easily adapted to the static 
conditions of any particular case. In addition, it 
provides ultimately a far more elegant and uniform 
structure than the section-bar design formerly used. 

Geometrically, the elements of a skeleton struc- 


ture are essentially slender bars which, as truss 
members, only have to experience longitudinal 
stresses or, as girders, additional bending stresses. 


As these structures increase in height and decrease 
in material thickness, they begin to merge in the 
next form of structure—plate construction. 

The elements in this case are plates, 7.e. walls, 
which are loaded only by forces acting in their own 
plane. The forces acting perpendicularly to the 
plane of the plate are absorbed by webs or ‘ dia- 
phragms.’ Such webs are found in precision 
instruments, in vehicle undercarriages, in ships’ 
bottoms and in bridge decking. Such membranes 
obtained their stiffening from beaded depressions, 
or by welded-on stiffening ribs. This method is 
used particularly in shipbuilding. 

If the torsional stresses are high, recourse is had 
to cellular construction. In this case, the cell walls 
act—depending on the nature of the load—either 
as plates or as diaphragms. If the edges of the 
resulting folded structure are infinitely closely 
approached, shell structures are obtained which 
are based on the realization that the sphere is the 
shape best able to support multilateral loading. 

Spherical containers or tanks, buoys, valve floats, 
and gas bottles, are only a few examples of the 
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practical utilization of the principle of uniformly 
distributed loading. 

While the designer has available a great variety 
of widely differing profile shapes, all the structural 
elements stemming from the three above-mentioned 
fundamental forms of sheet construction are based 
on the same design principles. If the material is 
concentrated as far away as possible from the 
section axis (centreline), particularly high moments 
of inertia are obtained. Consequently, deep, 
thin-walled, I and U sections are most suitable for 
high bending stresses. If the torsional load is 
considerable, thin-walled, plated box beams will be 
found suitable. 

The difficulties encountered in regard to the load 
distribution at section joints and points of applica- 
tion of the loading forces cannot be surmounted by 
welding techniques alone, since it is just at the 
joints that stress concentrations and alternating 
stresses which may lead to hair cracks and fatigue 
failures are to be feared. To meet this danger, 
the closed sections are allowed gradually to merge 
in open forms, thus enabling deflection of the 
structure under torsional stress. 


The strain-varnish testing method 


The testing of complicated structures is often 
attended by considerable technical difficulties. To 
overcome these, Prof. Kloth and Dr. Ing. Berg- 
mann, of the Institute for Fundamental Soil- 
Mechanical Research in Brunswick-Wolfenbiittel, 
have devised a strain-varnish method. This 
method enables the directions of principal stress 
to be determined, and the correc: stress distribution 
thus to be obtained. For such a test, the flat-rolled 
metal part in question is coated with a brittle 
varnish. This cracks, when the component in 
question is loaded, perpendicularly to the first 
principal stress direction, and thus indicates the 
direction of stress. 

Beading (corrugating) has already been men- 
tioned. This is used for plate-stiffening. Beads 
or corrugations are produced by various methods 
—for instance, pressing or rolling—and sufficiently 
deep beads can also be produced by flanging. 

The sheet sections are shaped either by flanging 
or pressing, as well as by drawing, on hydraulic 
or eccentric-driven presses. Stepwise deep-drawing 
calls for the use of certain deep-drawing stecl 
grades, specially suited for this purpose. Economy 
of manufacture calls for long runs, since tooling 
costs are very high. In hydraulic deep-drawing, 
the position is different. In this case, in view of 
the uniform pressure distribution, particular 
material forms can be economically produced in 
a single operation, even in short runs. The peculiar 
characteristics of the spinning lathe limit its use 
to concentrically shaped parts. 
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Seam joints, in addition to the widely used 
welding method, can be made by riveting and, 
recently, by cementing. This probably gives the 
most uniform distribution possible of the loading 
forces. However, the technique of cementing 
(bonding) sheet steel structures is still in its infancy. 

The fact that the rigidity per degree of elastic 
modulus of sheet metal structures is often twice 
as high as in the case of cast components has 
similarly revolutionized design thinking in electrical 
engineering. Nowadays, motor shields and casings, 
rotor spiders and bed plates are often made in 
cellular construction. 


Stressed-skin construction 


The stressed-skin form of construction in which 
the shell plating itself is made to act as a structural 
element belongs in its origins to the aircraft industry. 
Meantime, however, it has been adopted by the 
designers of rail and road vehicles and modified to 
suit the conditions encountered. The new corridor 
train coaches with stressed-skin body are less than 
40°, of the weight of their predecessors, in which 
the massive undercarriage, built of rolled sections, 
was the load-carrying member. 

Components for lightweight construction, in the 
form of thin-walled, metal shells, are often filled 
with materials of lower specific gravity, rubber, 
polyvinyl chloride or polystyrene, for example. 
Nature was again the model, since plant stalks, 
bones and mushroom caps all have a soft, light 
filling material, the layers of hard enclosing fibres 
giving them support and strength. 

Flat-rolled metal construction is also met with 
underground: conveyors, spiral chutes, trucks and 
steel arches are all principally of flat metal. Even 
worm conveyors, drill posts and crane jibs are 
increasingly departing from the former, massive 
form of construction and have become lighter, 
stronger and more elegant. 

Since flat-rolled metal construction is on its home 
ground, in the case of tanks, containers, etc., it 
will be enough briefly to mention that here, too, 
in addition to the usual materials, unalloyed or 
alloyed, the steel-plastic synthesis is increasingly 
developing. Containers for the foodstuffs industry, 
foil-lined large containers for the chemical industry 
and non-corroding, centrifugally-sintered small 
parts for chemical engineering construction form 
an ever-growing field for the new materials. 
Conduits for hydroelectric power stations, steam 
mains, fan ducts, expansion chambers, expansion 
joints, and coiled tubing of spirally wound steel 
strip, are one group of flat-rolled steel construction, 
representing a considerable tonnage. 

However, not only structural engineering, such 
as bridges, in which large spans without inter- 

continued on page 288 
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Yttrium 


YTTRIUM METAL, long considered too brittle for 
structural uses, has been transformed by Bureau of 
Mines, U.S. Department of the Interior, into a 
pliant, easily formed material that may be the 
answer to difficult problems in atomic-reactor and 
missile design. 

The secret of changing hard-to-work yttrium 
into a metal so ductile it can be cold-rolled to thin 
foil was discovered by scientists at the Bureau’s 
Albany, Oregon, laboratories. Through research 
in high-purity metals being conducted in co- 
operation with the Atomic Energy Commission, 
metallurgists at Albany recently learned that 
yttrium’s forming qualities could be improved by 
ridding it of dissolved gases. The high-purity 
yttrium made by the Bureau contains only about 
0-02°,, oxygen, which is the principal element 
limiting ductility. 

Yttrium is found in close association with the 
rare-earth elements and, like the rare-earth metal 
ytterbium, takes its name from the village of 
Ytterby in Sweden, where some of these metallic 
elements were first obtained. Also, like the rare 
earths, yttrium is difficult to separate from its 
companion metals. It is produced commercially 
in relatively small amounts and is quite expensive. 


High-purity process 

Despite its high cost, the best yttrium metal 
available before the Bureau’s recent attainment 
had limited ductility, even though it was considered 
almost free of contaminants. The technique for 
achieving the high purity required for ductility is 
similar to the Kroll process which the Bureau of 
Mines engineered from laboratory to commercial 
scale for titanium and zirconium. While this 
method does not reduce the costs of making yttrium 
metal, it will not increase them significantly, the 
Bureau said. Moreover, it makes possible produc- 
tion of a material with greatly improved ductility 
which should pave the way for wider use. 

Inability to obtain yttrium in non-brittle form 
has prevented development of quantity uses thus 
far. Now that ductility has been attained—labora- 
tory workers have reduced small ingots as much as 
95°,, in thickness without annealing—yttrium’s 
other properties suggest its use in building atomic 
reactors and atom-powered missiles. 

One of yttrium’s virtues in the nuclear field is 
its relatively low thermo-nuclear cross-section, 
which means it has less resistance than many other 
materials to the passage of neutrons needed to 
sustain a chain reaction. This is an important 
factor in rating construction materials for atomic 
reactors and engines. The metal also has a relatively 
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high melting point of 2,825°F., roughly equivalent 
to that of carbon steel. This is high enough to 
enable yttrium to withstand the temperatures 
encountered by reactor parts that might utilize its 
thermo-nuclear properties. 

Bureau of Mines’ researchers foresee a potential 
value for yttrium in alloys, where its qualities 
could be blended with those of other metals to 
create new engineering materials to meet increas- 
ingly rigorous specifications. Moreover, they said, 
availability of this metal in ductile form will permit 
a re-evaluation of its possible applications in other 
important fields. Although only small amounts of 
high-purity yttrium are available as yet, enough has 
been obtained for limited studies of the metal’s 
physical and chemical characteristics. 

Yttrium is the latest of several metals obtained 
in very pure form at the Albany laboratories. 
Others are chromium, molybdenum, nickel, 
tungsten and vanadium. 


Flat-rolled steel 


concluded from page 287 


mediate supports have been made possible by the 
use of solid-web girders, has benefited by the 
adoption of sheet-steel construction; ordinary 
house-building has likewise learnt to use sheet and 
strip materials. Whole frontages are already being 
made of sheet steel and, by use of enamelling, very 
attractive effects have been obtained, with complete 
freedom from corrosion attack. For noise-suppres- 
sion, the space between the thin sheet material 
forming the inner and outer surfaces is packed 
with some heat- and sound-insulating substance, 
since noise 1s a very disagreeable accompaniment 
of ‘unsuppressed’ sheet material. This trouble can 
be overcome by increasing the stiffness of the struc- 
ture to the maximum limit, or by taking measure 
to suppress the noise and providing an insulating 
sheath. Sound can, however, also be absorbed by 
applying a coating of a suitable plastic on the inner 
side of noise-sensitive parts. 

The advantages attained by resort to flat-rolled 
steel construction are so considerable that, at the 
present time, no progressive designer can afford 
to disregard them, since lightweight construction 
enables structural elements to be manufactured 
with a considerable saving in materials. Further- 
more, the elements of a structure can, so to speak, 
be ‘made to measure,’ by drawing, pressing or 
flanging; and sheet material has a very suitable 
heat conductivity and is an excellent material for heat 
exchange. Moreover, structural forms can now 
unite efficiency with elegance—almost as is done by 
nature. 
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The care of platinum thermocouples 


Platinum thermocouples are sensitive instruments 


Exceptional care and control 


are given to their preparation in order to ensure reliability in service, but their 
accuracy and working life can be adversely affected if a few simple precautions are 
neglected. The following account summarizes the points made by Mr. H. E. Bennett, 
F.1.M., in ‘ Platinum Metals Review,’ October, 1958 


THE PLATINUM THERMOCOUPLE of the platinum : 
rhodium-platinum variety, is probably the most 
accurate and convenient method available for 
measuring high temperature in industrial processes, 
and if correct conditions of use are understood, the 
thermocouple with auxiliary equipment is both 
robust and reliable. Because of its small size and 
low thermal capacity, the couple can be introduced 
at the point of measurement and will respond 
immediately. The protective sheath can be small 
and inexpensive, and with compensating leads the 
indicating point can be arranged well away from the 
measuring point, which is often hot and dirty. 

Because of their nobility, platinum and its alloys 
will withstand much more adverse conditions than 
base metal thermocouples, but they have their 
limitations. The melting point of platinum is 
1,769°C. and that of its highest melting rhodium 
alloy useful for thermocouple purposes is about 
1,890°C. That is, therefore, the absolute limit of 
temperature a platinum alloy couple will measure, 
and then only for a short time. In immersion 
pyrometry for measuring the temperature of molten 
steel, platinum alloy couples, in conjunction with 
a quick-response indicator, can be used momen- 
tarily at temperatures approaching these high values. 
For many other purposes thermocouples must be 
kept at temperature for long periods, and caution 
must be observed if the couple is to have a reason- 
able life. Grain growth, which occurs particularly 
in pure platinum when couples are kept at tempera- 
tures around 1,500 to 1,600°C., need not be dele- 
terious if the wire is not under appreciable stress 
and is kept free from contamination, but these 
conditions are not easily attainable. 


Effect of prolonged heating 

The harmful effect of prolonged heating of the 
couple at high temperature is the migration of the 
alloying constituent from one wire to the other, the 
platinum element tending to pick up rhodium, the 
e.m.f. at any given temperature becoming pro- 
gressively less. If the platinum wire is protected 
by a refractory insulator the rhodium pick-up is 
minimized. 


It is difficult to give a definite figure for the 
expected useful life of a thermocouple as so much 
depends upon particular conditions. Instances 
have been recorded of platinum : rhodium-platinum 
couples being in use continuously for three years 
at about 1,300°C. with a loss in e.m.f. equivalent to 
only a few degrees. Obviously the higher the 
temperature of operation the greater the migration 
of rhodium and consequently the more rapid the 
change in calibration. 

TaBLe I Pick-up of rhodium-platinum alloy compared 
with pure platinum 








Increase in e.m.f. at 1,200°C. against pure platinum by 
addition of 0-01 rhodium 





Microvolts 


Platinum... ; ; “ 150 
1°., rhodium oe : 20 

’ 9 +a - ni oe 11 

10°, ae ; ‘ a ; 6 
13° - ; "F : 4 








It can be seen in Table I that a small pick-up of 
rhodium does not have such a great effect on a 
rhodium-platinum alloy as it does on pure platinum. 
For this reason a 1°, rhodium-platinum : 13°; 
rhodium-platinum thermocouple should be used 
where changes in calibration must be kept to a 
minimum over long periods. In practice, however, 
the thermocouple usually deteriorates by contami- 
nation from other sources before calibration has 
changed significantly. 


Contamination by metallic vapours 

Metallic vapours of lead, zinc and bismuth are 
among the commoner contaminants which readily 
alloy with platinum to form brittle intercrystalline 
constituents and so to cause premature failure of 
thermocouples. The presence of these impurities is 
often quite unsuspected, but they can arise from 
solders, galvanized iron, brass, or molten glass that 
may be present in the furnace, and couples need 
to be protected against them. The couple wires 
must be insulated from each other and the use of a 
double-bore refractory tube is recommended. This 
assembly should be placed in a closed refractory 
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sheath capable of withstanding the required tem- 
perature, as well as temperature changes and the 
furnace atmosphere. Silica may be used con- 
tinuously at temperatures up to about 1,000°C. but 
for higher temperatures fireclay, graphite, silicon 
carbide mixtures or aluminous porcelain may be 
used. Fused alumina refractories are excellent for 
use in a hydrogen or other reducing atmosphere, in 
which platinum will be contaminated by any mater- 
ial containing silica, but they are not resistant to 
thermal shock and must be heated and cooled very 
slowly to prevent cracking. Sometimes for added 
protection it is advisable to place the refractory 
sheath inside a metal sheath. 


Embrittlement due to oil or grease 

The couple, the insulators and the inside of the 
sheath assembly must always be kept clean and 
free from oil or grease. Most refractories contain 
some silica, and it has been proved that in a reducing 
carbonaceous atmosphere the presence of sulphur 
(frequently present in oil) causes a complex reaction 
resulting in some reduction of the silica to silicon, 
which then alloys with the platinum to form a 
brittle grain boundary constituent. For this reason, 
thin leather gloves are frequently worn when 
handling thermocouples to prevent contamination 
To obtain good service from platinum thermo- 
couples, cleanliness and adequate protection from 
contamination must be taken seriously. 


Tensile stresses 

A platinum thermocouple should also be as free 
as possible from stress. Table II shows the hard- 
ness and tensile strength of platinum and rhodium- 
platinum alloys used for thermocouple purposes. 
The breaking load of a pure platinum wire 0-02 in. 
dia. (the normal thermocouple size) is, therefore, 
about 7 Ib. at room temperature; at 1,400°C. the 
breaking load is only 12 oz. This represents a load 
instantly applied. Under prolonged loading, 
particularly at high temperatures, the wire will 
withstand only a fraction of this load. It has been 
shown as the result of creep tests that the safe 
loading for platinum is about 4-9 tons/sq. in. 


Creep tests on thermocouple alloys 
In order to compare the resistance to creep at 


Tasie I] Hardness and tensile strength of platinum and 
rhodium alloys at room temperature 








Rhodium Hardness Tensile strength 
. VPN tons 'sq. in. 
0 40 10 
5 66 16 
10 85 21 
13 91 23 
20 106 27 
30 124 30 
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high temperature of platinum alloys normally used 
for thermocouples, annealed wires, 0-02 in. dia., 
were suspended under various loads in a furnace at a 
constant temperature of 1,400°C. The investigation 
was limited to short-time creep tests. It was 
shown that, with a load sufficient to fracture the 
wire in 250 min., a 10°, rhodium-platinum alloy 
will withstand about eight times the loading of pure 
platinum at 1,400°C., but that above 20°, rhodium 
there is little gain in creep resistance. 

Heating under load at 1,400°C. produced very 
large grain growth in the pure platinum, the wire 
practically consisting of a chain of large crystals 
of the diameter of the wire. Under prolonged 
stress at low loads grain boundary sliding occurs 
and ultimately leads to a brittle type of fracture, 
which is occasionally found in a couple after long 
service at a high temperature. Grain growth is far 
less evident in a 5°, rhodium-platinum alloy creep 
sample, but cracks develop at many of the grain 
boundaries. 

A 5°), rhodium-platinum : 20°, rhodium-plati- 
num thermocouple, which can be used con- 
tinuously at temperatures up to 1,700°C., had 
greatly improved creep resistance by comparison 
with the platinum : 13°,, rhodium-platinum couple, 
the 5°, alloy wire having about five times the 
strength of platinum at 1,400°C. In conditions of 
extreme loading the 20°, rhodium-platinum : 
40°/, rhodium-platinum couple had an even greater 
advantage, but against this must be set a much 
smaller e.m.f. of the 20/40 couple and also its 
increased cost. In practice, however, it is seldom 
necessary to impose upon the thermocouple any- 
thing like these loads. 

A thermocouple placed horizontally rests on the 
sheath, but, if a thermocouple has to be placed 
vertically, care must be taken to ensure that the 
weight of the insulators does not apply a tensile 
stress to the wire. This can be overcome by allow- 
ing the hot junction to rest on the sealed end of the 
sheath. It is undesirable to remove a thermo- 
couple from a hot sheath, particularly if there is 
any undue friction, as this will impose a consider- 
able stress on the wire. Thermocouples that have 
failed in service are generally found, by spectro- 
graphic examination, to have been contaminated, 
resulting in embrittlement of the wire. Occa- 
sionally, even where there is no obvious con- 
tamination, there are clear signs of stress failure. 

Spectrographic examination of a 13°; rhodium- 
platinum, said to have failed after two months’ 
service at about 1,100°C., showed no contamination 
but there was considerable grain growth and sliding 
at the grain boundaries leading to rupture, typical 
of slow tensile deformation at high temperature and 
indicating that the wire had been subject to appre- 
ciable stress in service. 
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Double-chain conveyor plant for degreasing by rotation in 
boiling trichloroethylene 


SINCE IMPERIAL CHEMICAL INDUSTRIES LTD. intro- 
duced the trichloroethylene metal degreasing 
process more than 30 years ago, a speedy, economic 
and efficient process has been available that can 
be adapted to suit almost every type of work, 
provided the contamination is soluble in trichloro- 
ethylene or is held to the work by trichloro- 
ethylene-soluble materials. The whole cleaning 
operation is completed in one plant, from which 
the work emerges in a dry, neutral condition ready 
for subsequent processes such as heat, chemical or 
preservation treatment, inspection, repair or further 
machining. 

Methods of treatment vary according to the type 
of work and the nature of the contamination, and 
plants can be designed to cater for cleaning by 
immersion in vapour, immersion in liquor, or 
combinations of both. In plants designed for 
vapour treatment the vapour, which is generated 
by boiling a small quantity of trichloroethylene in 
the bottom of the plant, fills the plant up to a 
condensing zone near the top. When a cold metal 
object is immersed in the vapour, solvent condenses 
on it and any oil or grease contamination is washed 
off. 

Many types of work are cleaned satisfactorily 
in this way, but to degrease articles of low heat 
capacity, to achieve penetration of a bulk of close- 
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Metal degreasing 





Fully automatic electric-lift mechanism fitted to standard 
degreasing plant 


lying work, or to effect removal of mixed con- 
tamination such as polishing compound, immersion 
in a bath of liquid trichloroethylene is usually 
necessary. 


The solvent 


Colourless, heavy, non-inflammable trichloro- 
ethylene, one of the most powerful grease solvents 
known, is the basis of the process. Its low boiling 
point (86-7°C.), low specific heat and low latent heat 
of vaporization ensure only moderate demands on 
fuel resources and cooling water (e.g. the heating 
required to convert | Ib. of water to steam will 
vaporize 8} Ib. of trichloroethylene), The vapour 
is 4} times heavier than air. 


Although trichloroethylene does not attack the 
common metals in massive form it may, under 
certain conditions, react with finely divided alu- 
minium or magnesium. It is liable to decompose, 
with formation of acid, if exposed to naked flames 
or other high-temperature sources. 


Like most organic solvents, trichloroethylene 
will cause drowsiness if inhaled in small quantities, 
and if inhaled in larger quantities, may cause 
unconsciousness. If handled in a common-sense 
manner and used in properly designed equipment, 
however, no trouble should arise. 
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Continuous vapour plant with mesh belt conveyor 


Degreasing methods 

Vapour degreasing The simple vapour plant 
consists essentially of a welded tank of mild steel, 
galvanized after fabrication, or of stainless steel, 
fitted with heating equipment and with a condens- 
ing coil through which water flows. Solvent is 
boiled in the sump, filling the plant with vapour to 
the level of the condensing coil; here it condenses 
and is collected in a trough, from which it may be 
diverted outside the plant to a drum or stock tank 
or allowed to return to the sump. Once weekly, 
or whenever a quantity of oil has collected in the 
plant, the solvent is recovered by distillation and 
may be used again; after cooling, the oily residue is 
removed through the quick-release cleaning door. 

Vapour degreasing is used for straightforward 
degreasing involving the removal of simple oil or 
grease contamination. 

Liquor degreasing If dirt as well as oil and grease 
has to be removed, immersion of the work in 
boiling liquid trichloroethylene is more effective 
than vapour treatment. 

The usual method of providing liquor treatment 
is to use a plant with either a separate intercon- 
nected still or a built-in concentrator; in each case 
a supply of clean distilled trichloroethylene is led 
into the bottom of the working compartment, 
from which contaminated solvent overflows back 
into the still or concentrator. Most types of small, 
light articles, which in a vapour plant would reach 
vapour temperature before degreasing was com- 
plete, can be satisfactorily cleaned in a liquor- 
vapour plant, in which the second compartment 
can be used for vapour degreasing besides acting 
as a concentrator. 

The plant is similar in construction to the vapour 
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plant but is divided into two compartments, each 
fitted with heating facilities. In use, one compart- 
ment is kept full of boiling solvent and the other is 
charged in the same way as a vapour plant. Clean 
distillate returns to the bottom of the liquor com- 
partment, displacing dirty liquor over the weir into 
the vapour compartment, thus maintaining a self- 
cleaning action. 

Work dipped into the boiling liquor is largely 
freed from oil, polishing compound, swarf and 
dirt, and perfect cleanliness can then be obtained 
by a subsequent immersion in the vapour compart- 
ment. 


Work handling 

To ensure that vapour degreasing is effective, 
and to avoid dragout of solvent either as liquid or 
vapour, it is essential to load all work in such a 
position that it will drain freely. Some articles, 
such as heavy machinery parts, are conveniently 
degreased while directly suspended from a hoist. 
Most other types of work are best handled in bas- 
kets, which can rest on the workplates in the plant. 
After reaching vapour temperature, work is removed 
from the plant slowly and steadily. 

Small articles such as castings with blind holes 
or cup-shaped pressings, which will trap solvent, 
are loaded into cylindrical baskets that can be 
turned over before they are removed from the 
vapour. 


Metal drying 

It is well known that wet metal articles can be 
dried by immersing them in the vapour of a boiling 
chlorinated solvent, such as trichloroethylene—the 
solvent used in most I.C.I. degreasing plants. The 
moisture film dries off because, although the boiling 
point of trichloroethylene (87°C.) is below that of 
water, a mixture of the two boils at an even lower 
temperature (73'C.). Vapour degreasing plants 
can therefore be used for drying small metal 
articles, although the evaporation of large drops of 
water from the surfaces of the articles usually 
leaves stains. 

A new I.C.I. technique not only dries more 
rapidly than previous methods, but without the 
formation of stains. Trichloroethylene is still the 
drying medium but the treatment is in liquor 
instead of vapour, and to prevent stains forming on 
the articles a special metal drying additive— 
“Trisec’—is mixed with the solvent. Only a small 
proportion needs to be added, about one part to 
80 parts by volume of trichloroethylene. In action, 
a film of trichloroethylene containing ‘Trisec’ 
displaces the water film on the metal surface, so 
that the metal emerges from the final rinse with a 
film of pure solvent which, during removal from the 
plant, evaporates leaving no stains. 
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THE Roya Society has been informed that Dr. Louis 
Essen, a senior principal scientific officer at the National 
Physical Laboratory, has been awarded the A. S. Popov’s 
Gold Medal by the Academy of Sciences of the UssR. 
This award is for the most distinguished scientific work 
in the field of radio-engineering performed during the 
period from 1956 to 1958. The work of scientists from 
all countries is considered, but this is the first time that 
it has been awarded to a scientist outside the Soviet Union. 

The outstanding achievement which has won Dr. 
Essen this recognition has been his work leading to the 
establishment of an atomic frequency standard as a 
possible basis for the future standard of time which 
would have greater precision and be more easily accessible 
than the astronomical standard for the purposes of radio- 
engineering and physics. 

Dr. Essen was educated at the University of Notting- 
ham, and joined the scientific staff of the National Physical 
Laboratory in 1929. In his early years at the Laboratory 
he developed the Essen quartz-ring-oscillator which is 
widely used in frequency-standardizing laboratories and 
observatories. From 1940 to 1946 he worked on radio 
measurements at micro-wave frequencies and since then 
has applied the newly-developed techniques to the field 
of precise measurements and standards. In 1953, with 
J. V. L. Parry, he started work at the National Physical 
Laboratory on an atomic standard of frequency. 


Dr. W. Steven, superintendent of the Development 
and Research Department Laboratory of the Mond 
Nickel Co. Ltd., Birmingham, has been transferred to 
the Development and Research Division of the Inter- 
national Nickel Co. 
research. He has also been elected an assistant vice- 
president of that company. 

Dr. Steven took a Ist Class Honours B.Sc. degree at 
Glasgow University in 1939 and obtained his Ph.D. 
degree in 1942, After five years with William Jessop & 
Sons Ltd., Sheffield, he joined the Mond Nickel Company 
in 1947 as a research metallurgist. In 1955 he was 
appointed superintendent of the Laboratory. 

Dr. Steven is a Fellow of the Institution of Metal- 
lurgists, and is a member of the Iron and Steel Institute, 
the Institute of British Foundrymen and other societies. 


Dr. G. L. J. Bailey has been appointed superintendent 
of the Development and Research Department Laboratory 
of the Mond Nickel Co. Ltd. in Birmingham. 

Dr. Bailey took a B.Sc. (Hons.) degree at Imperial 
College in 1937 and obtained his Ph.D. in 1939. After 
experience at the Admiralty Engineering Laboratory, 
West Drayton, he joined the British Non-Ferrous Metals 
Research Association, where he became deputy research 
manager. Since 1955 he has been superintendent of the 
Platinum Metals Research Laboratory of the Develop- 
ment and Research Department, the Mond Nickel Co. 
Ltd., Acton. 

Dr. Bailey is a Fellow of the Institute of Physics and 
a Fellow of the Institution of Metallurgists. He is a 
member of the Institute of Metals, the Institute of Metal 
Finishing and other societies. 


Dr. W. I. Pumphrey, D.sc., has been elected to the 
Court of Governors of the University of Birmingham as 
a representative of the Guild of Graduates. Dr. 
Pumphrey is manager of the Research Department of 
Murex Welding Processes Ltd. 
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Dr. R. T. Parker 

Dr. Robert T. Parker has been appointed head of 
Aluminium Laborator Ltd., Banbury and Geneva 
offices, in succession to Mr. R. D. Hamer 

Dr. Parker, an Associa Royal School of Mines, 
joined the Aluminium Ltd. G 1938 and transferred 
to Aluminium Laborator in 1946 as head of the 
Metallurgical Divisior Ir 50 he became Director of 
Research at the Bant iboratories. He 


had pre- 
viously been engaged in vith the British Non- 
Ferrous Metals Resear Dr. Parker is a 
Fellow of the Institution irgists, a Fellow of the 
Royal Institute of Chemistry, and chairman of several 
committees in the alumur industry 


AA 


Dr. W. Betteridge been appointed superintendent 


of the Platinum Metals Research Laboratory of the 
Development Research Department, the Mond 
Nickel Co. Ltd on 

Dr. Betteridge was educated at King Edward’s School, 
Birmingham, and took a Ist Class Honours degree in 
Physics at Birmin University in 1931, obtained his 


Ph.D. in 1933 and his D.Sc. in 1958. After serving with 
Joseph Lucas Ltd { the Bristol Aeroplane Company 
he joined the Mor kel Company in 1947, where he 
has been concerned primarily with the development of 
high-temperature materials, at first in the Birmingham 
Research Laboratory and more recently as development 
officer in London 

Dr. Betteridge is a Fellow of the Institute of Physics 
and has presented numerous papers on high-temperature 
materials and other subjects 


o 






Two new appointments have been made in the Meter, 
Relay and Instrument Division of the English Electric 
Company. Mr. G. E. Robertson, A.M.1.£.£., ASSOC. 
MEM.A.I.E.E., has been appointed manager, Sales and 
Contracts, of the Meter, Relay and Instrument Division, 
and Mr. P. G. Bevis has been appointed manager, 
Sales and Contracts, Relay Department. 


Mr. J. G. Wistreich, M.SC.(ENG.), D.1,C., A.M.1.MECH.E., 
head of laboratories, BIskA, Sheffield, has just received 
the degree of D.sc.(ENG.) from the University of London 
for his work in metallurgical engineering, with particular 
reference to wire drawing. 


The Council of Industrial Design announces the 
appointment of Mr. J. Noel White to be deputy director 
as from January 1, 1960, when Mr. Paul Reilly, the 
present deputy, succeeds Sir Gordon Russell as director 
of the Council. 
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The Council of Industrial Design has appointed Mr. 
W. H. Mayall as industrial officer for the engineering 
industries. He takes the place of Mr. L. A. Grosbard, 
who has now joined Mullard Ltd. 

Mr. Mayall’s main responsibilities will be in the 
capital goods field. At the recent Engineering Design 
Conference in Birmingham, ways were suggested in 
which the engineering industries and industrial designers 
could co-operate more closely. Mr. Mayall will use these 
suggestions and the other recommendations of the Con- 
ference as the basis of his work. 

Before joining the comp Mr. Mayall was project 
engineer and later mechanical engineer to Tiltmar 
Langley Ltd. He has been concerned with mechanical 
and aeronautical work since he joined Flight Refuelling 
Lrd. in 1942. 


Mr. J. F. Robertson, c.A., a director and group 
treasurer of the Hawker Siddeley Group, has been 
appointed to the board of High Duty Alloys Ltd., a 
member of Hawker Siddeley Industries Ltd. Mr. Robert- 
son joined the Group in 1938 and was appointed to the 
board in 1953. 

Another new appointment to the board of High Duty 
Alloys is that of Mr. Ian C. Dick, c.a., who joined the 
company in June, 1952, as chief accountant and was 
appointed company secretary in February, 1954, a 
position which he still retains. 


Mr. I. H. Gordon has been appointed assistant sales 
manager of Cambridge Instrument Co. Ltd. at the 
company’s head office in London. 

Mr. Gordon was previously with Land Pyrometers 
Ltd., and prior to that was with Evershed & Vignoles Ltd 


Mr. C. A. B. Malden has been appointed joint 
managing director, with Mr. J. G. Cronk, of Amber 
Oils Ltd. He joined the company in 1958 from Stephen- 
son Clarke Ltd. Mr. Malden is a Fellow of the Institute 
of Directors and a director of Finders Services Ltd. 


Mr. Victor Brenner has been re-elected president of 
the Birmingham Engineering Centre for the fourth year 
and Mr. C. J. Grazebrook and Mr. A. G. Banks have 
been elected vice-president and treasurer respectively. 


Mr. Leslie J. Cox, M.1.P.R., has been appointed chief 
of the P.R. Department of Wolf Electric Tools Ltd. 
The functions of this department will also cover press 
relations, market research (home), employee relations, 
sales training and education. 

Mr. Edward Patterson, M.1.B.£., M.S.1.A., has been 
appointed to the newly-created post of technical liaison 
officer of Wolf Electric Tools Ltd. In addition to internal 
technical committee work he will represent the company 
on all British and International technical committees. 
Mr. Patterson will also be responsible for the production 
of instruction folders and the handling of technical 
queries, new ideas, etc. 


Longer-term grants for special researches 

Longer-term grants for special researches will be awarded 
by the Department of Scientific and Industrial Research 
in future. These grants—which have normally been 
limited to a maximum of five years—may now be awarded 
for an initial period of up to seven years with the possi- 
bility of continuing support for a further 10 years. 


An experimental plant for the production of gallium 
has begun its test run at Ajka, eastern Hungary. The 
gallium (worth about £35 an ounce) is salvaged from the 
caustic solution used in the extraction of alumina for the 
aluminium industry. 
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LETTERS + to the Editor 


Germanium 


str: The article which appeared in your March issue 
under the title ‘Germanium’ contained more absurd 
statements than can be allowed to pass unchallenged. 
I presume that the article was based on a translation of 
the original German, but there is no excuse for employing 
such atrocious broken English that the reader is unable 
to obtain an understanding of the processes described. 

I defy anyone to interpret the following extract unless 
he already knows the process: ‘. . . Any impurities 
which may still be present are eliminated in the so- -called 

‘zone melting process,” a crystallizing process in which 
the glow wire of a high-frequency transmitter is passed 
through a germanium crystal lying horizontally. The 
impurities in the fusion zone of the crystal are concen- 
trated by this means and, since with the new structure 
of the crystal lattice all foreign matter is segregated, by 
frequent repetition of the process, very pure germanium 
is obtained,’ 

Bad translating, however, is not responsible for the 
objectionable bias of the article. The ludicrous distortion 
of the history of the development of germanium devices 
is even carried to the point of insinuating that the 
Americans carried off the secrets of germanium rectifiers 
—if not of the ‘transistor’ itself—as spoils of war. In 
fact, of course, the brilliant American research work 
which culminated in the post-war discovery of transistor 
action was well advanced by the year 1944, and the high 
back-voltage germanium rectifier was being manufac- 
tured (H. C. Theurer and J. H. Scaff, N.D.R.C. interim 
report No. 1, Contract O.E.M.S.R.—1408, November 21, 
1944) by processes which employed many of the tech- 
niques that are in use at the present time. 


S. E. BRADSHAW 


Research Laboratories of the General. Electric Co. Ltd. , 
Wembley, Middlesex. 


NEW FILMS 


Stelvetite 


The story of Stelvetite, the new plastic-coated steel 
sheet produced by John Summers & Sons Ltd., of 
Shotton, Chester, has been chosen by the Rank Organiza- 
tion for one of the first of anew weekly series of magazine 
films in colour. 

The new series, called ‘ Look at Life,’ has just been 
introduced to replace the black and white newsreels of the 
Rank Organization shown at Odeon, Gaumont and many 
independent cinemas. 

The development story of Summers’ Stelvetite occupies 
the whole of one of the 10 minute reels. Some outstanding 
colour shots filmed in a large steel works are contained in 
the film. It shows the manufacture of the PVC plastic at 
the Manningtree factory of B.X. Plastics Ltd., and then 
describes the making of the steel sheet at Summers’ works 
at Shotton, Chester, and the subsequent production of 
the Stelvetite. 

The Rank Organization filmed, for the first time, the 
Stelvetite production line where, as the title of the film 
suggests, ‘A Marriage is Arranged’ between the steel 
sheet and PVC plastic. 

The story finishes with scenes showing how this new 
material is already being used for a wide variety of 
domestic articles and by telling of its future possibilities. 
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For Temperature Measurement and Confrol 


the (>KiH>) INDICATING CONTROLLER MARK 4 


This advanced Indicating Controller incorpo: *xtremely accurate measur- 
ing and control sections in a single compact It utilises a photo transistor 
and a moving coil micro-ammeter thus dispen 1 the need for thermionic 
valves. Requiring less than 46 sq. in. of pane! e, the unit has a calibrated 
indicating scale 8 in. long. 

A complete range of instruments is available, w! requirements over a 
wide field of process control applications, inclu models with 2-Position, 
Proportional and 3-Position action. A programn ire can be incorporated 


* No Thermionic Valves 

* Automatic Safety features for Plant Protection 

* Control Sensitivity: better than 0.1°% of F.S.D 

* Calibrated Accuracy: within 1% of F.S.D. 

* Overall accuracy in accordance with B.S. 1041/1943 
* Plug-in unit with automatic location 

* Panel space required: only 10§ in. x 4} in. 

* Competitively priced 





Hult ULL ul TUL = 


KELVIN HUGHES PYROMETRY INSTRUMENTS 


include 


Please write for Kelvin Hughes publications IND. 703, IND 
704 and IND. 705 which cover 2-Position, Proportional and 


, N é -ato 
3-Position instruments tespectively and are available on request Single and Multipoint Temperature Indicators 


Portable Pyrometers and Multiline Recorders 


PTT i a 


KELVIN HUGHES | sreciscists ix iypusteiat MeasuReMENT 


KELVIN & HUGHES (INDUSTRIAL) LTD. KELVIN HOUSE, WEMBLEY PARK, WEMBLEY, M/DDLESEX - 60-72 KELVIN AVENUE, HILLINGTON, GLASGOW, SW2 
"Cs mee 
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FOUNDRY EXHIBITION 


Str FREDFRICK SCOPES opened the recent Foundry Exhi- 
bition at Bingley Hall, Birmingham. The exhibition, 
the first of its kind devoted solely to the foundry industry, 
attracted nearly 14,000 visitors and nearly 100 firms took 
part in the display. 


Exhibitors 


The Incandescent Group focused attention on one 
piece of equipment, relying on models and photographs 
to illustrate other designs of foundry plant made by the 
group. 

The main feature was a full-size independently-fired air 
heater for producing hot blast. This heater is designed 
to supply blast for two 4-ton-per-hour cupolas. The 
working temperature (500 C.) is reached within 30 minutes 
of starting. Heaters already installed have shown savings: 
in one case the cost of the installation was recovered in less 
than 10 months’ operation. Details of construction were 
shown by a scale model of the heater with cutaway 
sections, showing the oil burner and heat exchanger tube 
bundle. 


Also on the stand were two models: a direct-arc 
melting furnace and a twin cupola installation. The 
Metalectric arc furnace incorporates hydraulic control 
for all motions and is built with capacities from 500 Ib. 
to 150 tons. The twin-cupola model reproduces a plant 
which has automatic charge make-up and recording. 
The cupolas are fed by an automatic swivel charger 
The molten iron is tapped into a 4-ton oil-fired hot metal 
receiver. Incandescent-Whiting wet-dust arresters are 
fitted to both cupolas. 

Also on display was a model of bogie-hearth furnace 
with Laclede suspended roof, suitable for heat treatment 
of castings. 


The newly-formed company of Birlec-Efco (Melting 
Ltd. was showing two working furnaces. One was a 
self-contained high frequency induction melting unit. 
The other was a holding furnace for the automatic pouring 
of molten aluminium and zinc-base alloys. 

Power for the high-frequency melting furnace is pro- 
vided by a 15 kW. * power pack’ which can be used for 
melting and induction-heating operations such as harden- 
ing, annealing, sintering, brazing, pre-heating, hot- 
forming, and vacuum heating processes. At this exhibi- 
tion the unit was used in conjunction with a melting 
furnace and small castings in steel and iron were made 

A Birlec Ajaxomatic furnace was being demonstrated 
in use with E.M.B. diecasting machinery. A holding 
unit for pouring molten aluminium and zinc-base alloys, 
automatic operation enables the rate of diecasting pro- 
duction to be raised considerably. By eliminating ladling 
it ensures far greater metallurgical control. 

Similar in principle to the Tama Mains-Frequency 
Channel-Type Induction-Melting furnace it is rated at 
20 kW. with a molten capacity of 300 Ib. and an average 
power consumption of 10-12 kW. 


Also on show was a working model of a Detroit Rocking- 
Arc furnace. This type of furnace is used primarily as a 
batch melting unit for a wide variety of applications in 
ferrous and non-ferrous foundries. The melting chamber 
is rotated backwards and forwards during melting and the 
charge is heated by radiation from the arc between the 
electrode tips and by conduction from the heated 
refractories. 


Two crucible furnaces were shown on the stand of 


296 july-august, 1959 





B from the Naticnal Foundry Craft Training Centre, 

W Bromwich, were responsible for one of the displays 
Foundry Exhibition. 

re of students, average age 16/17, working in shifts 

ums of four, manned a complete foundry in mimature 

monstrated the type of work and training carried out 


it Centre 


The Morgan Crucible Co. Ltd. They were the 
Birlec Morgan Electric Diecasting Furnace Mark II and 
the oil fired Morgan Basin Tilter. 

I'he Birlec Morgan E.D.F., developed only a year ago, 
was shown in an improved Mark II version. The furnace 
can handle a throughput at 720°C. of approximately 
125 lb. of aluminium per hour. 

The oil-fired Basin Tilter as a bulk melter gives simple, 
comfortable operation, all the advantages of lip pouring 
and a high melting rate. This furnace 1s the most up-to- 
date unit so far produced for feeding maintaining furnaces 
in the die foundry. It has a 380 Ib. or 500 Ib. aluminium 
capacity, depending on the crucible used, and can bring 
down a 380 lb. charge in 30 minutes or 500 Ib. in 40 
minutes. It can also melt 4 ton of brass in an hour or 
} ton in 80 minutes. Similar charges of gunmetal take 
only 10 minutes more in each case. 


The Mark II miniature furnace, now supplied with an 
industrial-type fan, was also on display together with a 
range of Suprex Crucibles. 

Four LC.I. Divisions—Billingham, Alkali, Heavy 
Organic Chemicals and Metals—and Marston Excelsior 
Ltd., an I.C.1. subsidiary, were on show. 

Metals Division, Marston Excelsior Ltd. The exhibits 
covered by this firm were wrought and fabricated titanium 
products for nuclear engineering, heat transfer materials 
and specialized products. 


Of particular interest in the titanium section were 
exhibits featuring platinized titanium anodes (including 
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NICKEL 
ALLOY 
STEELS 


ensure 











reliability in 


gear changing 


The self -changing gear box, produced by Self- TYPICAL CORE MECHANICAL PROPERTIES OF 
Changing Gear Box Ltd., Coventry, is standard on 


road, rail and water transport in many lands, and FP : 
notably on London’s buses. . o : 


This famous unit, in both its pre-selector and fully 











automatic versions, incorporates a range of nickel size WeAT TREATwENT | MAXIMUM | croncation | 1200 
é ’ F TRESS t cent ft. th. 

alloy steels. Although there is no direct mechanical —— 4 a 

operation of the gears in the normal way, heavy 1g” dia Oil quenched 780°C 720 9 “ 
: k and b . itably i 24” dia Oil quenched 860°C | 627 19 67 

train, truck and bus operation inevitably imposes Oil quenched 780°C | 

severe stresses upon the gears and to withstand 3” dia Oil quenched 860°C. | S97 | 2 n 

these stresses most of the operating mechanism in Gn qantet | 














the ‘Wilson’ box is made from nickel alloy steels, 

The benefits to be gained from the more lughly alloyed case~hardening mckel steels, 
such as EN 33, EN 34, EN 36 and EN 39 include ease of heat-treatment, 
molybdenum EN 36 case-hardening steel. minimisation of processing distortion, and general reliability 


including the 3 per cent nickel - chromium - 


Send for ‘The Mechanical Properties of Nickel Alloy Steels’ > 


MOND NICKEL 


a> The Mond Nickel Company Limited - Thames House - Millbank - London - SW‘ 
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copper-cored rod) for the cathodic protection of vessels, 
pipelines and jettics. Titanium turbine blades, power 
station condenser tubes and funnel exhaust scrubbing 
equipment were also seen. 


The ‘ new ’ wrought metals such as zirconium, titanium, 
niobium and vanadium were shown in the nuclear 
engineering section. This display also includes 1.C.I. 
fuel cans and ‘ Integron’ extended surface boiler tubes 


In the section devoted to heat-transfer products, typical 
aluminium alloy and titanium heat exchangers fabricated 
by Marston Excelsior Ltd. were shown. 


The Alloys Division of Union Carbide Ltd. showed 
many of the ferro alloys and metals for supply to the iron, 
steel and non-ferrous foundries, together with a special 
display of technical data on rarer metals and their com- 
pounds. Emphasis was given to exothermic alloys, 
calcium manganese silicon, and silico manganese. The 
production of steels using exothermic alloys as ladle ad- 
ditions is now common practice and details of the latest 
alloys and techniques for using them were available. 


CIBA (A.R.L.) Ltd. was showing a new method for 
vacuum forming large founcry patterns of complex 
shapes by a ‘wet lay-up’ method using ‘ Araldite’ 
epoxy resin and glasscloth. The vacuum table used has 
an airtight bottom forming a box into which the vaccum 
pipe is led. Slotted vents are placed at intervals in the 
top plate. A negative of the object to be made is placed 
on the table and, after applying a release agent, an 
‘ Araldite’ gel-coat is applied. A piece of glass-fibre 
mat is saturated with unfilled ‘ Araldite’ resin and placed 
over the gel-coat. Three or four layers of dry glass-fibre 
mat are placed on top of this. The whole is then covered 
with a sheet of polyvinyl alcohol, which is secured round 
the edges. 


Below is seen a tilting furnace shown on the stand of the 
Morgan Crucible Co. Ltd. 
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The direct-fired cupola blast heater featured on the stand 
of the Incandescent Group 


When a vacuum is applied, the P.V.A. sheet is drawn 
down and follows the contour of the negative. The 
exc resin in the first layer of glass-fibre mat is forced up 
through the dry layers. The vacuum is maintained until 
the n has set. The result is an air-free compact 
larninate of ratio about 50:50 glass to resin. The shell 
for »y this method is backed with a filled ‘ Araldite ’ 
Cé resin. 


The Shell Chemical Company stand illustrated the 
f * Epikote ’ epoxy resins in the manufacture of loose 
patterns, pattern plates and core boxes. 

Lafarge Aluminous Cement Co. Ltd., manu- 
facturers of Ciment Fondu Aluminous Cement and Secar 
250 White Calcium-Aluminate Cement, showed some of 
the uses for refractory concrete made with these materials 


in the foundry and allied trades, including floors, an- 
nealing furnaces, melting furnaces, core stoves, cupolas, 
etc 

Furnaces and combustion chambers lined with re- 


fractory concrete made with these cements were on view 
as well as many complex shapes. 

In demonstrations of the high thermal shock resistance 
of refractory concrete, specimens heated to a white heat 
were plunged halfway, and then fully, into cold water to 
demonstrate convincingly the non-spalling properties. 

Mellor Mineral Mills were exhibiting a wide range of 
Dohm foundry products. They included an odourless 
ignitable mould wash called DOHMspray; DOHMseal 
refractory glazes; DOHMpatch pplastic refractory; 
graphitic linings and the new Investment Base 350 for 
precision investment casting which appeared on the 
market recently. 

Investment Base 350 was developed after tests on the 
American cristobalite base and operates at a temperature 
of 1,450°C. It needs no additives, retarders or accelerators, 
only water t> mix into a slurry. Setting time is 20 
minutes. 

Foundry Services Ltd. showed the making of pro- 
duction die-castings and, on the non-ferrous side, the 
making of identical castings, one with a FEEDEX exothermic 
feeder-head and one conventionally fed; one treated with 
a mould coating and one without any dressing. 

Various other FOSECO products were demonstrated, 
among them the POROTEC apparatus for the rapid detection 
of gas in melts of aluminium alloys, the portable hand- 
mixer, spray guns and the new TAK extruder—TAK being 
a new compound for sealing moulds to prevent run-out. 
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Material 
made with 
crushed firebrick 


and —~ 


CIMENT FONDU 





pest for DOgIG Tops 


because $ The reduction of jo:nts eliminates displacement trouble 
It is ready for use and of great strength and hardness within 24 hours 
—It will withstand severe thermal shock without spalling 
It has a smooth level surface. It has no appreciable drying shrinkage or after-contraction. 
It is stable under load up to 1350°C. (2460 F 








USE SECAR 250 


- 

(an iron-free white calcium-aluminate cement) 
i for 

1] . ~ +.* 

Super Duty and Special Conditions of: 
i] Higher temperatures up to 1800°C 

\ Reducing atmospheres 


Resistance to Slag attack 


SS Regd Trade Mark | Resistance to products of combustion 
Write for booklet “SECAR 250” 


Write for further details 
and photographic examples. 














ts manufactured by 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 


73 BROOK STREET, LONDON W.1. Telephone: MAYfair 8546 
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NEW PLANT 


Humidity cabinet equipped for refrigeration 

The Hedin standard range of humidity cabinets, made 
by Hedin Ltd., Commerce Estate, South Woodford, 
London, E.18, now includes a model equipped with 
a refrigeration plant to enable low-temperature testing to 
be carried out to M.O.S. and other specifications. 

The unit has a capacity allowing temperatures of -10°C. 
to be obtained in an ambient of 20°C. Automatic tem- 
perature control is provided by an adjustable thermostat. 
‘The unit is powered by an electrically-driven, hermitically- 
sealed compressor circulating Freon 12 refrigerant. 
Refrigeration can also be arranged to provide dehumi- 
dification at ambient temperature. 


Construction is of stainless steel and aluminium with 
electro-plated brass fittings to eliminate the possibility 
of rusting. Fibreglass 2-in. thick ensures high thermal 
stability and efficiency. A practically silent fan unit 
provides an ample air flow through the humidity chamber, 
giving a maximum temperature gradient of +1°C. 
throughout the working space. 

Humidity is normally produced by steam injected into 
the air stream near the fan and thoroughly mixed and 
cooled before it reaches the humidity chamber. If 
extended ranges of humidity or temperature are required, 
a comprehensive set of auxiliary equipment is available, 
in addition to refrigeration, including water cooling and 
water spray. Timers can be fitted providing automatic 
control at predetermined conditions such as are required 
by Ministry of Supply specifications. 


Cold-bend testing machine 

A motor-driven cold-bend testing machine, suitable for 
bending iron or steel bars up to 2 in. square or plates 
up to 6 in. wide, has recently been made in this country 
The machine was built under licence from the Tinius 
Olsen Testing Machine Company, Philadelphia, U.S.A., 
by Edward G. Herbert Ltd., Manchester, 19, who act as 
sole agents in Great Britain and Eire. 

The specimen to be tested is bent to a maximum 
angle of 180 degrees round a centre pin, five standard 
sizes of pins being used. The pusher pin, which is 
mounted on a substantial table, is readily adjusted in 
relation to the centre pin so that a perfectly round bend 








1 Hedin humidity cabinet 
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2 Cold-bend 
test machine 


> obtained. 
the moving table so that the angle of bend of the specimen 


A graduated scale is provided round 


may be noted at any time during the test. 

I oad is applied by a 5 h.p. motor through a worm 
g eduction to the table which is a steel casting. 
Hea teel plate and wire-mesh guards are provided to 


prot the operator against possible injury from fracture 
of the specimen during the test. 


Lapping attachment for milling cutters 

Io ensure flatness and fine finish in face milling, it is 
essential that the cutter teeth operate in a true plane 
parallel to the work surface and that their cutting edges 
are very finely lapped. When these factors are coupled 
with modern milling machines, resultant surface finish is 


such that subsequent grinding operations are often 
unnecessary 

fo obtain the necessary relationship between the 
cutter and the workpiece it is necessary to lap the cutter 
in position on the spindle from the machine table. This 


ensures 


that any inaccuracy in the spindle and cutter is 
corrected relative to the movement of the machine table 
surface and the face of the cutter. 

To achieve this, an attachment which bolts directly to 
the machine table has been designed by Alfred Herbert 
rhis device, the Herbert Milling Cutter Lapping 


Ltd 





3 The A. Herbert milling cutter lapping attachment 
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other appliances 


DE-(CING AIRCRAFT 
Che Rolls-Royce Dart engin« 
titake in the Vickers Visc« i 
with a Duniloy 
1 de-icing 
ystem incorporating elements 
made from BRIGHTRAY 5S 

and FERRY 


SALT BATH HEATING . 
This immersion heater, forthe 
exacting task of industrial salt 
heating, uses BRIGHTRAY ¢ 
electrical resistance alloy 
British ‘Thomson-Houston 
Copapany Limited 


BRIGHTRAY 


NICKEL-CHROMIUM Electrical Resistance Alloys 





Table SEND THIS COUPON _—e 
BRIGHTRAY C for intermittent heating up to 1150°C for a copy of ‘WIGGIN ELECTRICAL 
used in cookers, toasters, laundry irons, fires, soldering RESISTANCE MATERIALS’ (Pub. No. | 


irons 1616). Contains invaluable technical data 
BRIGHTRAY 8B for elements working up to 950°C 

BRIGHTRAY S for continuous heating up to 1150°C NAMI 

mainly for electric furnace elements 


BRIGHTRAY F for electric furnace elements operating in APPOINTMENT or DEPARTMENT 
special atmospheres up to 1000°C 


BRIGHTRAY H for furnace elements in the range 1100 to 


1250°C (produced in strip form only) COMPANY nme caer anes 
FERRY for resistances on electrical control gear and instru- ADDRESS 
ments up to 300°C 


WILCO-WIGGIN THERMOMETALS in many grades for 
thermostatic devices controlling temperatures ranging from 
—75 to 540°C 


Produced in the form of Rod, Wire, Strip and Tape - = Siti a 
“BRIGHTRAY’, ‘FERRY’ AND “WILCO-WIGGIN’ THERMOMETALS ARE REGISTERED TRADE MARKS 








HENRY WIGGIN & COMPANY LIMITED WIGGIN STREET nasNones 
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Attachment, enables the operator to obtain the true 
relationship, and also to restore, quickly and easily, the 
fine lapped finish to the blades. ¢ lapping operation 
takes place on the machine without the setting being 
altered, with a minimum of idle time. The attachment 
is also portable, enabling it to be readily moved from 
one machine to another. 

The attachment is available as a single wheel unit. 
Provision is made on the attachment for fitting the 
lapping wheel at either end of the spindle, enabling 
lapping to be carried out in any position within the 
limits of the attachment when used on vertical or hori- 
zontal single-spindle milling machines. A _ separate 
wheel and indexing box can be provided, converting the 
attachment into a more universal one for use on Duplex 
or multi-spindle machines, where it is not always con- 
venient to change the position of the wheel 


Radiant flash annealing furnace 

At its Dolgarrog Works in North Wales the Aluminium 
Corporation Ltd. is operating a new type continuous flash 
annealing furnace in which circles of aluminium man- 
ganese alloy are heated rapidly by radiation, to produce 
the fine grain structure needed for deep drawing. Results 
comparable with salt-bath treatment are being achieved 
with freedom from distortion, staining and surface damage. 
The radiant flash annealing furnace was designed and 
manufactured by Royce Electric Furnaces Ltd., Walton- 
on-Thames, Surrey, in conjunction with the Aluminium 
Corporation. The radiation is obtained from heating 
panels which are fitted with heavy gauge nickel-chrome 
heating elements and positioned in the roof and the 
hearth of the furnace. 

Variations in heating rates are readily made by adjusting 
the spacing of the panels from the work, the roof and 
hearth being built as separate units suspended from the 
main framework of the furnace and contrabalanced. 
These units are moved by synchronously-driven jacks 
operated by handwheels which allow fine adjustments to 
be made. The furnace can be opened in this way to give 
easy access to the interior and the heating elements. 
A gauge is provided to show the spacing of the heating 
panels from the charge. Vertical sliding doors at both 
ends of the furnace allow the entrance and exit to the 
heating chamber to be closed as far as possible to reduce 
heat losses. 

The charge is carried through the furnace on a hori- 
zontal conveyor which has two endless chains running 
along the sides of the chamber and carrying cross-flights 
of heat-resisting steel. The cross-flights are covered with 
woven asbestos cloth to provide a non-abrasive support. 
The conveyor is driven by a squirrel-cage motor through 
reduction gear, its speed being variable between 4 and 
30 ft./min. In the design and control of the furnace 
special precautions are taken to avoid temperature fluc- 
tuations. The elements are supported in grooved refrac- 
tories of high density which, having a high heat content, 
serve as a heat reservoir. The temperature of the furnace 
is controlled in four independent zones, the automatic 
indicating controllers being used not to switch the 
element supply but to regulate the supply voltage. The 
conveyor temperature is maintained as far as possible 
when it leaves the heating chamber by providing a closed 
and heat-insulated return path. 

Safety precautions are incorporated in the furnace to 
protect the elements from damage by overheating, and to 
protect a charge should the conveyor be stopped acci- 
dentally. In this event the supply to the elements is 
removed automatically and an aural alarm is given. The 
furnace has a rating of 90 kW., it provides temperatures 
up to 900°C., and has a heating chamber 21 in. wide by 
15 ft. long. Heating times for circles ranging from 6 in 
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to 20 in. dia. and from 0-02 in. to 0-08 in. thick vary 
from 14 to 4 min. The output of circles of 18-gauge 
material, 12 in. dia., is a little over 2 cwt./h. 


New tool steel 
The Tool Steel Department of English Steel Rolling 
Mills Corporation Ltd., Openshaw, Manchester, is 
producing in increasing quantities a graphitic-type tool 
steel. Known as ‘ M.I.C.8,’ it is an oil-hardened tool 
steel having freedom from distortion in heat treatment 
equai to that of conventional carbon-manganese ‘ non- 
distorting’ steels. It differs, however, from these con- 
ventional steels in that it contains a higher carbon content, 
and by careful control of the analysis and metallurgical 
conditions of processing a portion of the carbon is 
retained in the final product in the form of graphite 
particles uniformly dispersed throughout the structure. 
The graphite particles act as a lubricant and consider- 
ably improve its machinability. They also reduce the 
tendency to seize, gall, or score induced by the rubbing 
of metal against the surface of the tool. These properties 
combined with its uniform response to heat treatment 
and good hardenability make it ideally suited for com- 
ponents of intricate shape which have to withstand wear 
and abrasion. It is produced as rolled or forged bar, 
forged blanks and rings. 


New gas torch for high-temperature welding 
A gas air torch which provides a small diameter, highly 
concentrated flame, ideal for precision aluminium weld- 
ing, silver soldering, copper brazing, etc., has been 
introduced by Sunvic Controls Ltd. The torch uses 
coal gas at normal mains pressure; apart from con- 
venience this, it is claimed, reduces operating costs to 
approximately one-third those of an oxy-acetylene torch. 
A preheater raises temperature of both gas and primary 
air to 750°C. before they reach the mixing chamber. 
The resultant flame cannot be blown out and continues 
to operate even when the torch is played into an inert 
atmosphere. The inner section of this flame, approxi- 
mately 4-5 cm. long, has a temperature greater than 
2,000 'C. It will readily melt 1 mm. platinum wire. 
When the torch is used for silver soldering stainless 
steel there is a noticeable reduction in distortion. It has 
been successfully applied to soldering and brazing high 
magnesium alloys and also for autogenous welding of 
brass aluminium and Al-Mg alloys. 


Automatic pre-treatment plant 

Of very flexible design and adaptable for various types of 
cleaning and process treatments, including pickling and 
phosphating, the ‘ Agi-Dip’ fully automatic multi-stage 
pre-treatment plant has recently been introduced by the 
Electro-Chemical Engineering Co. Ltd., of Woking, 
Surrey. In this type of plant the parts to be treated are 
loaded into baskets which are then automatically sed 
through agitated immersion stages, the number of these 
depending on the treatment required. ~richlorethylene 
vapour degreasing, spray rinsing anc dry.ng sections can 
be incorporated into the sequence if required. Agitation 
is carried out by means of a reciprocating pneumatic 
arrangement adjustable for amplitude and frequency of 
stroke. Double-acting air cylinders enable the work 
platforms to be driven down into the solutions at a faster 
rate than the freely falling components, thus effecting 
complete separation of tightly packed parts. The work 
is transported through the sequence by means of an index 
beam conveyor controlled by a timing mechanism. This 
mechanism can also operate automatic loading and 
unloading platforms to link the plant with a shop con- 
veyor. Only one operator is normally required for the 
plant. 
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Classified Advertisements 
T FIFTEEN WORDS 7:. 6d. (minimum charge) and 4d pn word 
ct A | thereafter. Box number 2:. 6d. including postage of replies. Situations 
Wanted 2d. per word 


Replies addressed to Box Numbers are to be sent, clearly 
ar! to Metal Treatment and Drop uae, John Adam 


T R E A T M E N T House, john Adam Street, London, W.C. 
SITUATIONS VACANT 


TECHNICAL ASSISTANT, dr p forging Man aged 25-40, 

; ; with experience in the control of production methods, 
Specialised services offered for the treat- elimination of faults, development, etc. Similar exper- 
me ® j ience with vertica! pre sSes d upsetters an advantage. 
ne of raw and semi finished ferrous Job will be well paid, interesting and provide considerable 
metais scope for the right man. Write, giving full details and 


salary required to Forgings & Presswork Ltd., Birch 
Road, Witton, Birminghan 


@ MANGANESE STEEL CASTINGS ERY FOR SALE 
For | SaLe—surplus plant 5 ton cupola 


@ PLAIN and ALLOY STEEL FORGINGS unused), over and under _ by Ww adkin, bandsaw 


24-in. wheel), complete metallurgical laboratory equip- 








@ S.G. IRON CASTINGS ment.—Box AN 117, ME! YREATMENT AND DROP 
FORGING. 


@ BLACKHEART MALL. CASTINGS 


@ STEEL BARS - BILLETS - SHEETS Heat-treatment by H.F. Induction 


We can undertake to harden your parts in large 

or small quantities by the most modern methods. 
Send your samples for trial or visit us to see our 
wide range of hardening ¢« quipment. 


ANNEALERS LIMITED 


PENISTONE ROAD - SHEFFIELD 6 


EFCO Heat-treatment Division 
Wellington Street Extension, Burton-on-Trent 
Telephon e | 486 MN 








ee 


MORE IDEAS BEGIN WITH BORON 
| | | A shining face for modern building 


A clean, permanent and colourfu! finish to the outside as well as the 
inside of buildings is an attractive prospect in architecture. It is provided 
by the use of ‘curtain walls’ of vitreous enamelled steel, which require 
less space than load-bearing walls, resist the elements better and cost far 
less to erect. In the production of tenacious and gleaming enamels for 
every purpose, borax is a vital ingredient. This contribution to building 
economy and progress is another new idea that is made possible by the 
use of this familiar product. In nuclear research, in new synthetic 
materials, and in rocket fuels, as well as in established fields of industry 
and pharmacy, the varied properties of boron compounds give rise to 
many new possibilities for progress. 


BORON IN THE WIRE INDUSTRY" 


In wire manufacture, the uses for borates are well-established. Steel rod or wire 
is dipped in a hot borax bath to neutralize the last traces of pickling acid and to 
provide a coating which acts as a lubricant carrier. The process also protects 
against rust and makes the handling of the wire safer, cleaner and easier. 


















pees) For further information on Boron and its compounds, write to: 


BORAX CONSOLIDATED LIMITED 


BORAX HOUSE. CARLISLE PLACE+ LONDON Swit 
TELEPHONE: VICTORIA 8070 


‘20 MULE TEAM’ Registered Trademark Sy ee ete een Bitlet 


WG4 821480 
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AUTOMATIC 
STOKER FIRED 
HEAT 
TREATMENT 
FURNACE 
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Messrs. Brown Lenox & Co. 
Ltd., Pontypridd 


Annealing of chains, castings, and 
general heat treatment, Plate heating, 
Bar heating 





SALT BATHS 
and 

HOT AIR 
BATHS 


For the solution treatment of aluminium alloys. 
Temperatures correct to within 3°C. Our Salt Baths 
and Air Recirculating Furnaces fulfil the most stringent 
specifications and conform to all A.I.D. requirements. 
We can supply Quench Tanks and all other ancillary 
equipment. We design the Furnace to suit our 
customer's requirements. 





Builders of 


INDUSTRIAL 
FURNACES 





MODERN FURNACES 








>; and STOVES LIMITED 











BOOTH STREET, BIRMINGHAM 21, phone : SMEthwick 1591-2 grams: Mofustolim, B’ham 21 
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The stock is placed between the rolls and is 
AUTOM Wale then fed through the dies to the workstop. 
The die then closes, cutting off the stock 

to the required length, and delivers it to 

stitial, the heading position. The heading tool 
then completes the forging, which falls 
down the chute on to conveyor. Supplied 


in several sizes and for making balls of 
up to and including 4 in. diameter. 















No. 2 machine with guards removed 


These machines are made in three sizes. 
HOT The smallest handies bars up to 2 in. 
diameter. The largest size, as illustrated, 
iiieeaa takes bars up to 4 in. diameter. They 

are an invaluable asset to any forging or 
drop stamping plant. 


No. 3 machine tllustrated 


We also make 
eight sizes of 
Standard Upset- 
ting Machines to 
take bars from 
1 in. to 6 in. : 
diameter. 







COVENTRY MACHINE TOOL WORKS LIMITED 


GRANTHAM ROAD, HALIFAX, ENGLAND 
Telephone: Halifax 3234-5 Telegrams: Covmac Halifax 


OVERSEAS AGENTS.— AUSTRALIA: Gilbert Lodge & Co., Ltd., 386 Harris Street, Ultimo, Sydney, N.S.W. CANADA 
Williams & Wilson Ltd., 544 Inspector Street, Montreal. FRANCE: Societe Anonyme Alfred Herbert, | and 3 Rue du 
Delta, Paris (90). HOLLAND: Esmeijer & Co., Oosterkade 24, Rotterdam, C. INDIA: Alfred Herbert (India) Ltd.. 
13/3 Strand Road. P.O.B. 681, Calcutta, 1. NEW ZEALAND: Gilbert Lodge & Co., Ltd.. Head Office 24 Great 
South Road, Newmarket, Auckland, N.Z. (P.O.B. 9194, Newmarket), also at Christchurch and Wellington. PAKISTAN 
Guest. Keen & Nettlefolds in Pakistan Ltd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bu Road, Karachi 
SOUTH AFRICA AND RHODESIA: Hubert Davies & Co., Ltd., Hudaco House, 7 Rissik Street, Johannesburg 


SPAIN: Gumuzio S.A., Gran Via 48, Apartado 920, Bilbao. KENYA, UGANDA, TANGANYIKA & ZANZIBAR 
Len Cooper Ltd., P.O.B. 3796. Nairobi, Kenya 
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Cut your Forging Costs by installinga... 


BRITISH-MADE 
CHAMBERSBURG CECO-DROP HAMMER 
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An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 





* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 
to operate. , 


| 
' 
| 
t 


* Improved accuracy of die match. 


The Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 


Maintenance costs are reduced due to fewer and 
more durable working parts. 


The size available for early delivery is the 3,000 Ibs 
and full details of specifications are contained in a 
comprehensive catalogue which will be sent on 
request. 





Sole Agents: AD.27! 


ALFRED 
HERBER T LTO., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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and about the very latest designs 
of vertical air circulation furnaces 
in a new METALECTRIC leaflet 
In addition to the standard range, 
there is interesting information on 
the larger pit furnaces and their 
diverse applications 

May we send you a copy, 
and, if required, advice on your 


current heat treatment problem? 


VAC. 1 
10” dia., 10’ deep. Rating—4kW 


METALECTRIC FURNACES LIMITED 
SMETHWICK ~ ENGLAND 





12/15SA/S9 








a 
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| MIPROVED 


FORCED-AIR FURNACES 
BY 


Simplified construction improves 
performance and keeps cost down 








What’s more, there is no sacrifice of quality. 
Construction is rugged; high grade materials 
are used throughout; control is fully automatic 
and the latest safety devices are incorporated. 
The centrifugal fans are large enough to cope 
with the densest loads, and temperature vari- 
ation is practically nil when working on 
control. 

Little maintenance is required. All working 
parts are easily accessible, and element replace- 
ment is quick and simple, no major dismant- 
ling being required. 

These furnaces have a wide range of applica- 
tions, and will deal quickly and accurately 
with both dense and loose loads. 





ELECTRIC VERTICAL 


Forced-Air Circulating Furnace 
} Work contajner: 36” diameter 36” deep 
Rating: 60 kW. Electric hoists and quench 
tanks are available as extras if required. 
Horizontal model also available 
+ Full details of these furnaces and of our 
full range are readily available. Please 
write now. 


~*~ | HEDIN LIMITED | 


| INDUSTRIAL HEATING SPECIALISTS 





Commerce Estate, S. Woodford, London, E.18 
Telephone: BUCkhurst 6601-3 


——. 4 + + ry a 
J - e 4 af 
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COPPER BRAZING 


of 
Small Assemblies 


and 
BRIGHT ANNEALING 


Annealing and 
Stress Relieving, Normalizing, 
Cyanide Hardening 


LETCHWORTH HEAT TREATMENT 
& HARDENING CO. LTD. 
Icknield Way 
Letchworth, Herts. 
Telephone: Letchworth 964 











ALLOY STEELS - too! 


OR many years it has been 

known that -40/50°, Carbon Steel 
Gears will give an appreciably longer 
life when Flame Hardened—in fact 
four to five times the normal. 





EWER people are aware that 

Alloy Steels—Nickel Chromium 
—En 23, En 24, En 110, etc., can be 
similarly treated—and pass the most 
stringent tests. 


Write us or "phone for full information 


FLAME HARDENERS LTD 
Shorter Works, Bailey Lane 
SHEFFIELD, | Telephone 2!627 
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x OF MANCHESTER © 

DING BRITISH MAKERS OF = 
3 E LA 3 FURNACE FIRING AND FUEL-AIR . 
PROPORTIONING EQUIPMENT — ” 
















AUTOMATIC AIR-GAS ae 
PROPORTIONING AND 

MIXING MACHINES 

For preparing and delivering combustible or non- 
combustible mixture. The gas system of outstanding 


merit for furnace and kiln firing, direct flame heating 
processes, and protective atmosphere generation 


Mercy ere: 


abe 


FURNACE FIRING GAS BURNERS 


A wide variety of different and distinct types 


For unified proportional flow con- 
trol with double pipe line burner 


systems 





Manual or automatic operation 


ak 


FORTY-FIVE STANDARD SELAS GAS & ENGINEERING CO. LTD. 


CLASSES OF THERMAL ENGINEERING SELAS WORKS, CITY ROAD, MANCHESTER 15 
——— _ PHONE: MANCHESTER : CENTRAL 2648 & 2649 


GRAMS AND CABLES : SELASGAS, MANCHESTER 
LONDON OFFICE : 
16 GROSVENOR PLACE, S.W.! PHONE: SLOANE 7803 & 9818 


for use with all clean gases and to suit any 


combustion system 





Catalogue gladly sent 
upon request. 
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ARKO JOETSS: 


for the protection of Ferrous metals , 
against oxidation at high temperature 


SUPEp M Poy 
Py SY 
A PEs 
Leal cag” 
Wrag’ Fon yp &*8 


Upe Sop, Pou 
Heat-resisting alloy steel Castings Prayer Wing tetas N° 
oxidation resistance combined with ary Pea Thine yp ts 
load strength at high temperature ts 





Write for publications No. 1301/1 CALORIZING, No. 1638 CALMET 


THE CALORIZING CORPORATION OF GREAT BRITAIN LTD 


Lynton House, 7/12 Tavistock Square, London, W.C.1. Telephone: EUSton 432] 
WORKS: RENFREW AND DUMBARTON 














DIE SINKING | | THOMAS ANDREWS 
CAPACITY ‘her COMPANY LIMITED 


High-Grade Steel Makers 
Offered by Firm engaged solely on Die Sinking 


and Tool making for the Drop Forging and 1 


, , “ it} WN ” HIGH SPEED STEELS 
Allied Industries including Horizontal Forging | MONARCH HOT & COLD DIE STEELS 
e 1 TOOL HOLDER BITS 








DIES NORMALLY SUNK IN THE HARDENED  HARDENITE”! CARBON & ALLOY TOOL 
AND TEMPERED CONDITION ON CUSTOMERS’ | ) STEELS for ALL PURPOSES 


MATERIAL IF REQUIRED 
" HELVE”’ ( CARBON TOOL STEEL for 
) CHISELS, PUNCHES, &c. 


Any size blocks up to approx. |2 cwts. each 


DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 








Fully Comprehensive Modern Plant enables us to offer 
quick deliveries combined with any limit of accuracy 


SAWBRIDGE & CO. 


ROYODOS WORKS AND 
HAROENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD 4 


Export Depertment 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegrams 
Sheffield 2213 Shafting, Sheffield, 4 


Telephone: Willenhall 258 

















| 
| 
} 
| 
27 TEMPLE BAR - WILLENHALL - STAFFS 
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(Photograph by kind permission of the Austin Motor Co. Ltd 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gasor oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidi pany of Gibb Bros. Limited, Dudiey) 
SALMON STREET, PRESTON ° "TELEPHONE : : PRESTON 56254/5 TELEGRAMS : THERMIC-PRESTON 








\ 
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Dust & Grit 
Collectors 


A new addition to the range of 


A. & ©. dust and grit collectors 


This photograph shows an Alidays & Onions UF/I 
Dust Collector, primarily for use with hearths and 
designed to meet the requirements of the Clean Air Act. 





ALLDAYS 
& ONIONS 


GREAT WESTERN WORKS BIRMINGHAM 11 
Phone: ViCtoria 2251-4 

















London Office: 2 Queen Anne's Gate, Westminster. London, $.W.! 
Phone: WHitehal! 1923/4/5 





54 






july-august, 1959 





Cut your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 

which have achieved an enviable reputation for 

reliability since their introduction 21 yrs. ago. 

AJAX JUNIOR, 100,000 r.p.m. for Stones 
3,” to 3” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}" to 3” dia. 

BRIGGS MK. Il, 28,000 r.p.m. for Stones 
," to |” dia. (deep reach) 

BRIGGS MK. V, 10,000 r.p.m. for Stones 
14” to 2” dia. 

eroture on request from Manufacturers 


BRIGGS BROS. (ENGINEERS) LTD. 
206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 








—. 





~ ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
* 

Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

e 
SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 
+. 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 
ALD. DLARM. LEME. & ARB. Approved 
































metal treatment 
and Drop Forging 


july-august, 1959 55 





MELLOPAD 
Anti-vibration 
material... 









@) 









«+sfor incorporation in the concrete found- 
ations of power hammers, drop stamps, 
foundry jolters to reduce transmission of 
vibration. 


Also for the isolation of precision machines 
from external disturbances. 

The picture shows Mellopad laid in a pit 
preparatory to casting the concrete block 
for a precision grinder, capacity 24 ft. x 
18” dia. 

inten | Write to us for particulars and 


recommendations. 
Photograph by courtesy of Messrs. 
Martices & Weis t Led. 


aie liaise | mewiowes & CO. LIMITED, SHEFFIELD. 3. 























TOWNS GAS FIRED 
WATER SEALED 
MUFFLE FOR 
CLEAN ANNEALING 
BRASS & COPPER | 
WIRE COILS 
































By kind permission of 
Messrs. D. F. Tayler & Co. Ltd. 


| GIBBONS BROTHERS LTD. P.O. BOX 19, DIBDALE, DUDLEY, WORCS. 





TELEPHONE: DUDLEY 55141. (P.B.X.) TELEGRAMS: “GIBBONS, DUDLEY’: 
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STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 


HEAT & ABRASIVE RESISTING 
CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS ... , 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO"* castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray contro! 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones : 5243! 4 
Office and Works Ent ' 
AIZLEWOOD RD., SHEFFIELD 8 


Foundry : Aiziewood R fieid 
Machine Shops: Broadfir R heffield 
London Office: Cer fouse 

Upper Woburn Pla 
(EUSton 408 
Glasgow Office : 93 Hope eet, C.2 


(Central 8342 
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HIGH TEMPERATURE 
SERVICE. 


THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


THE CRONITE FOUNDRY CO. he 


LAWRENCE ROAD, TOTTENHAM, LONDON, NUS sranron: 
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